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ABSTRACT 
 
 
This study was carried to survey ticks and tick-borne diseases 
(theileriosis, cowdriosis, anaplasmosis and babesiosis) and species of 
ticks that infest of sheep brought to Alkadaro Slaughter House from 
Central Sudan during the period from September 2002 to August 2003.  
The survey covered animals coming from five locations, namely Kosti, 
Singa, ElObeid, AlDamazin and AlGadarif.  About 20 samples on a 
monthly basis (at a rate of 5 samples weekly) were collected during the 
year.  The type of sheep was Hamari and Watish.  The samples collected 
included ticks, whole blood for blood smears, serum samples, 
haematological and biochemical values.   
Ticks identified in this study indicated that sheep were infested 
with 4 tick genera and 11 different species.  The genera were 
Amblyomma, Boophilus, Hyalomma  and Rhipicephalus while the species 
included A. lepidum, B. decoloratus, H. anatolicum anatolicum, H. 
dromedarii, H. impeltatum, H. marginatum rufipes, H. truncatum, R. 
evertsi evertsi, R. muhsamae, R. camicasi and R. guilhoni. 
Serum samples were tested using ELISA to determine the rate of 
prevalence of antibodies against Cowdria ruminantium that causes 
heartwater in sheep in the area of study. The results revealed that 170 
samples were carrying the antibodies for the disease. The total prevalence 
rate reached 70.8%. The prevalence rates were in Kosti 75%, Al Gadarif 
70% Al Dmazin 80% and the highest prevalence rate was found in Singa 
82.9% and lowest was recorded in El Obeid 55.7%. It was observed that 
C. ruminantium antibodies were found in sheep serum throughout the 
year. 
 xvi
The result of examination of blood smears revealed that 15.4% of 
the sheep examined contained piroplasms stage for Theileria. spp. 
Laboratory results for haematological and biochemical values revealed 
that there was a relative decrease in Hb and PCV values and there was no 
change in RBCs count while there was a slight increase in WBCs count.  
In the biochemical tests for plasma content there was no blood chemical 
change (total protein, albumen) with the exception of a slight increase in 
urea. 
These findings imply that the prevalence of tick-borne diseases 
was very high during the study period in the export sheep at Alkadaro 
Slaughter House.  The study also showed that the ELISA test is important 
in examination of heartwater disease and other tick-borne diseases in the 
Sudan. It is strongly recommended to carry out investigations using 
advanced techniques. 
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1. Introduction: 
 
Ticks and tick-borne diseases are major constraints to livestock 
improvement in many parts of the world especially in the tropics (Kiara, 
1998). Tick-borne protozoal diseases (theileriosis and babesiosis), 
rickettsial diseases (anaplasmosis, cowdriosis (heartwater) and 
ehrlichiosis) as well as direct effect of ticks infestation, are the major 
health and management problems affecting productivity of livestock in 
many developing countries (de Castro, 1997).  Ticks constitute the most 
important livestock pest in Africa and found in the entire 30 million 
square kilometers of the African continent. Infestation generally causes 
local irritation resulting in wounds, which predispose the host to myiasis 
and secondary bacterial infections. The direct losses from tick infestation 
comprise mortality losses in body weight and milk production due to tick 
worry. Tick paralysis, anaemia and damage to hides and skins are also 
among the direct effects of ticks. In the Sudan, most economically 
important tick-borne diseases are theileriosis, anaplasmosis, babesiosis 
and cowdriosis (heartwater) (Mohammed, 2003). Ticks and tick-borne 
diseases cause serious losses to sheep brought to the slaughter house 
(Anon 2003). The majority of TBDS are endemic, found in the Provinces 
of Kordofan, Darfur and Blue Nile. The majority of off- takes for local 
consumption are drawn from Blue Nile, Kassala and Red Sea Provinces, 
where very small numbers go for export (Anon, 2003). While the 
majority of off- takes for export are usually drawn from Kordofan and 
Darfur Provinces (Maclerory, 1961).  
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1.2. Ticks and tick -borne diseases in the Sudan: 
The most important tick-borne disease (TBD) agents present in the 
Sudan are Thieleria annulata, T. parva., T. lestoquardi, Babesia bovis, B. 
bigemina. B. Ovis, Cowdria ruminantium, Anaplasma marginale, A 
centrale and Borrelia anserina (El Hussein et al., 2002). Tick-borne 
diseases represent a major threat to livestock and in particular exotic pure 
or cross breeds in the Sudan (FAO, 1983).  Losses due to the major TBDs 
e.g. Tropical theileriosis, Heartwater, Babesiosis, Anaplasmosis are 
incurred by mortality, abortion, reduction in milk yield and live weight 
gain, reduced productive life and costs of treatment and control (Osman, 
1992). 
Tick-borne disease agents that have been identified in the Sudan 
include, Theileria annulata, T. parva, T. mutans, T. lestoquardi, T. 
velifera, Babesia bovis, B. bigemina, Anaplasma marginale  Cowdria 
ruminantium  and  Dermatophilus congolensis (Hoogstraal, 1956).  
Gokce and Woldehiwet (1999) found that infection of sheep and goats 
with Ehrlichia phagocytophilum was characterized by a transient increase 
in the number of neutrophils which was quickly followed by an acute 
reduction in the number of lymphocytes and prolonged reduction in the 
number of neutrophils in both sheep and goats and a significant reduction 
in the total number of erythrocytes, thrombocytes, packed cell volume 
and concentration of haemoglobin.  The mean corpuscular volume and 
mean corpuscular haemoglobin concentration were increased in sheep.   
Osman (1999) found that the Hb in sheep infected with Theileria 
lestoquardi did not show a significant change during the experimental 
period while the PCV and RBCs showed a significant reduction and the 
WBCs showed a significant gradual increase in count. 
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1.3. Important tick–borne diseases of sheep in the Sudan 
1.3.1.   Heartwater: -  
Heartwater is an infectious, virulent, transmissible and non–
contagious disease. It affects domestic and wild ruminants and is 
characterized by pyrexia, followed by signs of acute or per acute nervous 
disorders, a transudative pericarditis and often severe gastroenteritis. The 
causative agent is a rickettsia, Cowdria ruminantium, which is 
transmitted by ticks of the genus Amblyomma (Camus et al., 1996; Semu 
et al., 2001).  Cowdriosis is widespread in the sub Saharan Africa except 
in the very dry ecological zones like Sahel, where Amblyomma  spp. does 
not occur.  It has been established that the disease is transmitted 
exclusively by ticks of the genus Amblyomma and this tick is widespread 
in sub Saharan region (Ilemobade; 1991). 
       The disease has also established itself in the Caribbean Islands 
(Uilenberg, 1983, Camus et al., 1996, Mboloi and Jongejan 1999). In the 
Sudan, the disease is transmitted by Amblyomma lepidum in Eastern 
Sudan and Blue Nile State (Karrar, 1960; Jongejan et al., 1984) while A. 
variegatum and A. lepidum were incriminated as the vectors in Western 
Sudan (Abdel Wahab et al., 1998) 
 
1.3.1.1. Life cycle of C. ruminantium  in the tick: 
The organism initially develops in the gut epithelial cells of ticks 
and subsequent stages invade and develop in the salivary gland (Prozesky 
and Du plessis, 1987). It seems that only percentage of infected ticks is 
infective when feeding (Kocan and Bezuidenhout, 1987). The passage of 
Rickittsia from the gut to the salivary glands could take place through the 
haemocytes (Du plessis, 1985).  
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1.3.1.2. Life cycle of C. ruminantium in the mammalian host: 
Feeding of an infected tick on susceptible mammalian host results 
in transfer of the organism into the blood stream of the host (Kocan and 
Bezuidenhout, 1987). The organism initially replicates in reticulo- 
endothelial cells and macrophages in regional lymph nodes and then 
released into the efferent lymph streams and eventually into the blood 
stream where endothelial cells are infected (Du Plessis, 1970). The cycle 
starts with the entry of an electron dense elementary body (the infectious 
stage of the organism) into the intra-cytoplasmic vacuole of an 
endothelial cell. The elementary body divides to produce a large colony 
containing the reticulate bodies. After 5-6 days of infection, large 
numbers of elementary bodies are released due to rupture of endothelial 
cells to initiate a new cycle. 
1.3.2. Theileriosis: 
Theileriosis is a group of tick–borne diseases of cattle, sheep, 
goats, and buffaloes and occasionally of other wild ruminants caused by 
species of protozoa in the genus Theileria (Losos, 1986a).  Two out of the 
three Theileria species are known to be pathogenic to sheep and goats 
namely Theileria lestoquardi (Morell and Uilenberg, 1981) and Theileria 
ovis (Rodhain, 1916). The major difference between the two species are 
the number of schizonts and the erythrocytic forms that each species is 
able to produce (Neitz, 1957, Levine, 1961). 
 
1.3.2.1. Life cycle of Theileria parasite: 
Theileria species exhibit a complex life cycle in hard ticks and in the 
mammalian hosts, that includes: 
(a) Merogony cycle, which occurs in the mammalian host. 
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(b) Gametogony cycle that begins with the formation of gametocytes in 
the blood of infected animals and completed in the ticks. 
(c) Sporogony cycle, which occurs in the tick 
 
1.3.2.1.1. Life cycle of Theileria spp.  in the tick: 
The life cycle of various Theileria species in the tick is probably 
similar. Larvae and nymphs ingest millions parasites of piroplasm 
infected erythrocytes even from an animal with low parasitaemia. The 
majority of these ingested piroplasms are rapidly destroyed within the gut 
lumen due to the secretion of the acid phosphatase by the gut epithelial 
cells during feeding (Walker, 1990). At or just after engorgement, the free 
parasites, which have variety of shape and size become micro and 
macrogametes and zygote formation takes place in the gut lumen 
(Mehlhorn and Schein, 1984). The resulting spherical zygote invades a 
gut epithelial cell and develops in to a kinete. Only single motile kinete is 
formed from each zygote (Melhorn et al., 1978). The formation of kinetes 
and their appearance in the hemolymph take place prior to moulting of 
the tick (Mehlhorn and Schein, 1984). Kinetes enter the salivary glands 
and develop in the é cells of type III acini (Fawcett et al., 1982a; Fawcett 
et al., 1982b; Fawcett et al., 1985). This entrance into the salivary glands 
appears possible only after the glands have redeveloped following 
moulting (Fawcett et al., 1981a; Fawcett et al.; 1981b; Fawcett et al., 
1982b). Once the parasite enters the salivary gland cells, it begins to 
develop and the host cell undergoes marked hypertrophy. This 
development and hypertrophy varies from tick to tick and from acinus to 
acinus in the same tick. With the onset of tick attachment and feeding on 
a new host, there is a rapid increase in acinus hypertrophy and the 
parasite becomes multinucleated (Sporogony) and hence formation of 
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sporozoite and their release into the tick saliva takes place (Fawcett et al., 
1982b; Fawcett et al., 1985). 
 
1.3.2.1.2. Life cycle of Theileria spp. in the mammalian host: 
During feeding of infected ticks on the mammalian hosts, emission 
of fully mature sporozoites from tick salivary glands into the blood 
circulation takes place. Once the sporozoites have been emitted, they first 
enter the lymphocytes. This infection induces transformation of 
lymphocytes into lymphoblasts inside the lymph nodes and stimulates 
mitosis of these cells (Uilenberg, 1981). The first stage reported to occur 
in the mammalian host is the macroschizonts which contain an average of 
eight irregularly shaped reddish purple nuclei (Stagg et al., 1981). The 
cytoplasm surrounding these nuclei is paler than that of the host 
lymphoblastoid cells when stained with Giemsa's stain (Losos, 1986a). 
During the mitotic division of the infected lymphoblast, the schizont 
situates itself in the dividing plane and splits into two halves, resulting in 
two infected lymphoblasts and hence an infected lymphocytic cell line is 
established (Uilenberg, 1981). Smears made from infected tissues contain 
free macroschizonts (extra cellular schizonts), which may result from a 
ruptured parasitized cell. Macroschizonts undergo nuclear multiplication 
resulting in the formation of microschizonts. The microschizonts contains 
numerous small dense nuclei, which on disintegration of the schizont 
become merozoites. On rupture of the host cells, merozoites are released 
into blood stream and invade erythrocytes giving rise to piroplasms 
(Uilenberg, 1981). Piroplasms are rod, round, oval or Anaplasma-like in 
shape with light blue cytoplasm and reddish purple nucleus when stained 
with Giemsa's stain. 
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1.3.2.2. Clinical signs of  Theileriosis 
Malignant ovine Theileriosis, (Theileria lestoquardi infection) may 
be acute, sub acute or chronic. In the acute form, fever is followed by 
rapid death. The animal may develop in appetence, depression, 
respiratory distress, paler of visible mucous membranes, oedema of the 
throat and swelling of the superficial lymph nodes (Tageldin et al., 1992; 
El-Hussein et al., 1993; Latif et al., 1994).  In sub acute and chronic 
forms, the symptoms are comparable to those found in the acute form 
except that they are less marked (Losos, 1986b).  MOT is reported to 
cause high morbidity and mortality rates that may reach up to 90% 
(Hooshmand-Rad and Hawa, 1973; Tageldin et al., 1992; Latif et al., 
1994). In Nahr El Neil State (Northern Sudan) the disease represented 
21% and 12% of the total diagnosed diseases of sheep during the years 
1991-1992 and 1992-1993, respectively (ElGhali and El-Hussein, 1995), 
and Nagwa (1986) found that 68% (96 of 152) of sheep examined in 
Khartoum State were infected with Theileria species.  The severity of the 
disease depends on the susceptibility of the animal and the virulence of 
the strain. It is also dose dependents i.e. the more sporozoites injected by 
the tick the severer the disease is. El-Hussein et al. (1993) reported no 
correlation between severity of the disease and the levels of parasitaemia 
in sheep. They concluded that it might be related to strains rather than 
number of parasites. 
Tropical theileriosis affecting cattle is caused by Theileria 
annulata.  It is distributed in a wide belt of tropical and subtropical zones 
from Portugal, Spain and Morocco in the west to China in the East and in 
northern Mediterranean littoral and the Sudan through the Middle East 
(Purnell, 1978).   Hyalomma anatolicum anatolicum is the most efficient 
tick vector of tropical theileriosis in the Sudan (FAO 1983). This disease 
causes severe economic losses including losses due to the expensive anti 
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theilerial drugs cost of prevention and control measurements, losses due 
to the mortality, and drop in milk yield. Of the infected animals, pregnant 
cows may also abort and remain infertile for along time (Latif, 1994).  
Diagnosis of theileriosis is made either using recent molecular biological 
technique such as RLB (Latif 1994)   
 
1.3.2.3. Pathogensis of Theileriosis 
Little is known about Theileria spp. pathogenesis. This is either 
related to the schizognic stage and its effects on the reticuloendothelial 
system or the piroplamic stage affecting erythrocytes or to both 
(Uilenberg, 1981). Infection starts with intestine hyperplasia of the local 
lymph nodes draining the area where the infective ticks feed. 
Transformation of lymphocytes into lymphoblasts and intestine mitosis, 
sometimes occur before schizont detection.  After parasitization of the 
lymphocytes by schizonts, accelerated production of lymphoid cells 
occurs. These changes occur at the local lymph nodes and spleen as the 
parasitization progresses. The regenerative attempts to produce 
lymphocytes extend to kidneys, liver and occasionally skin giving rise to 
lesions in these organs (Uilenberg, 1981; Gill et al., 1977). Uilenberg 
(1981) pointed out that reduction in erythrocyte number might be due to 
the removal of infected erythrocytes by phagocytosis rather than 
destruction by the parasite. He also suggested that an autoimmune 
mechanism might contribute to anaemia. 
1.3.3. Anaplasmosis: 
Anaplasmosis is an acute or sub acute febrile disease of wild and 
domestic ungulates. It caused by the rickettsia. Anaplasma marginale, A. 
centrale and A. ovis, the former being more pathogenic. It is characterized 
by progressive anaemia and occasionally icterus (Losos, 1986b).  Twenty 
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species of ticks have been shown to transmit Anaplasma.  Transovarial 
transmission occurs and insects (blood sucking flies e.g. deer flies, stable 
flies) play a significant role in mechanical transmission (Soulsby, 1982).  
In the Sudan, A. marginale and A. centrale were recovered from cattle  
(Abdalla, 1984). Anaplasmosis causes subclinical forms of the disease in 
sheep and goats but could be serious to exotic cattle.  In more chronic 
cases there is a severe anaemia and recovery is slow. Control by 
vaccination has been attempted by several means for many years. 
(Soulsby, 1982).  
1.3.4. Babesioses: - 
         Babesioses are a group of tick–borne diseases caused by several 
species of protozoa in the genus Babesia. These organisms are capable of 
infecting all species of domestic animals, and are also found in some wild 
animals, which serve as reservoirs of infection (Losos, 1986b).  During 
infection with Babesia, the release of pharmacologically active substance 
and destruction of erythrocytes play a major role in the pathogenesis of 
the disease. However, the proportionate role of each varies with the 
individual species of Babesia (Soulsby, 1982).  Anaemia is associated 
with the emergence of the parasites from red cells. Often, however, 
erythrocytes loss is attributed to the mechanical rupture of red cells by the 
parasites although there have been no detailed studies of this in domestic 
animals (Mohoney, 1977).  
Babesia ovis in sheep and goats is distributed throughout tropical 
and subtropical areas. Also in Southern Europe and the former Soviet 
Union (Soulsby, 1982). Its effect is less severe than other Babesia spp. 
although an acute phase characterized by fever, jaundice haemoglobinuria 
and anaemia may be seen, and in the chronic form of the disease about 
1% of the erythrocytes is infected (Soulsby, 1982). 
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1.4. Most important ticks in the Sudan 
1.4.1. Taxonomy 
Phylum:                 Arthropoda 
Class:                     Arachnida            Lamarch, 1815 
 
Order:                    Acarina               Nitzsch, 1818 
Suborder:             Ixodoidea                Leach, 1815 
Family (1):           Argasidae                Canestrine, 1890 
Genera:        Argas, Ornithodoros and Otobius 
Family (2):     Ixodidae      Murray, 1877 
Genera:   Amblyomma, Aponomma, Boophilus, Dermacentor, 
Haemaphysalis, Hyalomma, Ixodes, Margaropus, 
Rhipicephalus and Rhipicentor. 
 
Ticks are destructive blood sucking parasites, found in most if not 
all the countries of the word, but of greater economic significance in 
tropical and subtropical zones (Anon, 1979).  Ticks belong to the class 
Arachnida, Order Acarina, suborder Ixodoidea that comprises three 
families viz Ixodidae (hard ticks), Argasidae (soft ticks) and 
Nuttalliellidae (Sonenshine, 1991). The family Ixodidae includes the 
genera Ixodes (235 spp), Amblyomma (102 spp), Aponomma (24 spp), 
Haemaphysalis (155 spp), Boophilus (5 spp), Cosmioma (1 spp). Nosoma 
(1 spp), Rhipicephalus (70 spp), Rhipicentor (2 spp), Margaropus (3 spp), 
and Anomalohimalaya (3 spp) (Sonenshine, 1991). Currently, the ticks 
that are recognized as vectors of economically important pathogens of 
livestock belong to the genera Hyalomma, Amblyomma, Boophilus and 
Rhipicephalus (FAO, 1985). 
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1.4.2. Life cycle of Ixodid ticks   
 
Ticks have a wide animal host range including man, birds and 
reptiles (Hoogstraal, 1956). However, they are in general not very 
specific concerning host, although some species show a particular 
preferable host species, or there may be a definite adaptation to certain 
hosts (Soulsby, 1982).  After the female has fed for a few days, she emits 
one or more pheromones, which attract males, less often, the male, emits 
the attractant (FAO, 1984). Following engorgement, she drops off to the 
ground to oviposit between 100 and 20,000 eggs depending on the 
species (Soulsby, 1982).  Thereafter, she dies. Males remain attached to 
the hosts for longer periods and may mate with other females.  After 
hatching or moulting, immature and adults undergo a quiescent hardening 
period of a few days during which cuticular changes occur. This period is 
followed by feeding activity. According to the number of hosts they 
require during their life cycle, ticks can be classified into three groups.  
These are: 
One host ticks: All the three developmental stages engorge on the 
same host. The two ecdyses take place on the host e.g. 
Boophilus decoloratus and B. annulatus. 
Two host ticks: The larvae engorge and moult on the host and the 
nymph engorges on the same host and drops to the ground to 
moult.  The resultant adult feeds on a second host. e.g. 
Rhipiciphalus evertsi evertsi and Hyalomma marginatum 
rufipes.  
          Three host ticks: These require a new host for every developmental 
stage.  The engorged larvae and engorged nymphs moult on 
the ground. e.g. Ixodes ricinus, Amblyomma lepidum. 
 
 12 
1.5. Ecology and distribution of ticks in the Sudan  
Ticks are faced within their habitats with a variety of 
meteorological factors such as temperature, relative humidity and rain.  
Tatchell and Eaton  (1986) stated that host density; susceptibility, 
vegetation type and host grazing behavior are important factors in the 
regulation of tick distribution. Ticks do not exist solely as mechanism of 
disease transmission. They are living organisms and have their own 
complex ecology, for the most part quite unconnected with our animals 
(Brendan, 1975). They are widely distributed throughout the world 
particularly in tropical and subtropical countries. However, each species 
of tick is adapted to different macro and microclimates, with some 
occurring only in warm regions with a fair degree of humidity, while 
others are most active in dry climates, (Soulsby, 1982). 
Ticks vary in their response to temperature, sex, age and host 
species. Each species has a critical temperature above which the survival 
of the tick is greatly influenced.  This critical temperature varies within 
different genera. For instance, it is 32oC for Ixodes spp, 45oC for 
Hyalomma spp, and 75oC for Ornithodoros savygni (Hoogstraal, 1956). 
The high the critical temperature the more adaptability to arid conditions. 
Among the macroclimatic factors that regulate tick distribution is 
the rain, which humidifies soil, air and influences the availability of the 
grasses. Ticks maintain water through absorption of atmospheric and 
water in contact with the cuticle in case of unfed ones, and from ingested 
blood meal in case of engorged ones (Hoogstraal, 1956). Amblyomma 
variegatum is present in areas with annual rainfall of 400- 750 mm while 
Hyalomma dromedarii occupies areas with rainfall below 250 mm 
annually and may be found in desert and semi-desert areas.  Regarding 
response of ticks to temperature, Hassan (1997) found that tick load of 
the hosts was correlated with host coat colour. Cattle with white coat 
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colour carried significantly more ticks than brown hosts, while black 
cattle carried the least number of ticks. It is possible that ticks picked by 
cattle with black or brown coat colour die or leave the host before 
attachment, due to relatively raised temperature in the host environment 
generated by the dark coat colour.   
Nutritional status of the host plays an important role in tick 
distribution and infestation as any nutritional deficiency results in 
decreased immunity through decreased phagocytosis and antibody 
production so leading to heavier tick infestation (Nelson, 1984).  Grazing 
behavior has also a major effect on tick distribution as Sutherst et al. 
(1986) reported the avoidance of the grazing cattle to areas of high tick 
populations. Nomadism and communal herding type of husbandry has a 
great role in tick distribution by tick exchange and availability of host.  
Within the Sudan eco-system, ticks occupy a wide range of 
ecological niches that form the climate of the country.  Most Sudanese 
tick collections were made from Equatoria regions (Hoogstraal, 1956), 
moving north through the country. 
 The main tick species known to infest animals in the Sudan are 
Hyalomma anatolicum anatolicum, H. marginatum rufipes, H. 
dromedarii, H. truncatum, H. impressum, H. impeltatum, Rhipicephalus 
evertsi evertsi, R. sanguineus group, R. appendiculatus, R. simus group, 
Boophilus annulatus, B. decoloratus, Amblyomma lepidum and A. 
variegatum (Hoogstraal, 1956).  FAO (1983) recorded that H. a. 
anatolicum, H. marginatum rufipes,  R. e. evertsi are ubiquitous in 
Central Sudan, in desert areas.   In Kassala (Eastern Sudan), the following 
species were recognized by Karrar (1963) A. lepidum, B. decoloratus, 
Haemaphysalis spp., H. marginatum rufipes, H. truncatum, H. a. 
anatolicum, H. dromedarii, R. sanguineus, R. e. evertsi and Ornithodoros 
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savygni. Latif et al. (1994) reported in Khartoum the presence of H. a. 
anatolicum, H. truncatum, B. decoloratus, R. sanguineus and R. s. simus. 
The ecological distribution of the species of ticks found on cattle, 
sheep, goats and camels in Darfur and Kordofan Regions was studied by 
Osman (1979) and Osman et al., (1982).  The ticks they reported included 
A. lepidum, A. variegatum, H. marginatum refries, H. truncatum, R. s. 
simus, B. decoloratus and B. annulatus. R. sanguineus spp. was the most 
extensively distributed species while R. e. Evarts was more restricted. H. 
impeltatum was associated more with sheep while H. dromedari was 
restricted to camel rearing areas.  Other species reported in the Sudan are 
Boophilus geigyi, Rhipicephalus camicasi and R. bergoni that were 
recorded for the first time in the Sudan in addition to  R. guilhoni and R. 
turanicuss in central Sudan and R. turanicus and R. guilhoni in southern 
Sudan by Jongejan et al.,( 1987). 
   Osman and Hassan (2003) reported that the distribution of A. 
lepidum in the Sudan is generally concentrated on the eastern parts of the 
country from Torit and Kapoeta in the south and as far as Kassala in the 
north. The tick is absent from Northern and Khartoum Provinces.  It is 
present together with A. variegatum in Darfur, Kordofan, Baher ElGazal, 
and Equatoria Provinces (FAO, 1987, Hassan and Salih, 2004).  
The distribution of the common tick species is correlated with the 
occurrence of tick–borne diseases of domestic animals (FAO, 1987).  
Karrar (1960, 1963) reported high densities of A. lepidum infesting 
livestock in Kassala Province. He investigated the disease that affected 
sheep and goats and diagnosed high incidence of heartwater. He proved 
for the first time in the Sudan that A. lepidum is the vector responsible for 
transmission of the disease.  Peter et al. (1998) pointed out that the 
increased cattle and wildlife movement and reduced intensity of dipping 
are responsible for the spread of tick vector of heartwater (Amblyomma 
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hebraeum and A. variegatum) in Zimbabwe, which were suggested to be 
responsible for the change distribution of the disease.  
 
1.6. Diagnosis      
          Several techniques for detection of tick-borne diseases have 
separately been developed for each species. The enzyme linked 
immunosorbent assay (ELISA) is increasingly being used for detection of 
parasite specific antibodies, antigens and immune complexes (Kachani,et 
al 1992). ELISA based on schizont antigens functioned well in the case 
that cellular fraction was enriched from the other fractions (Manuja et al., 
2000).  On the other hand, Gao et al. (2002) developed an ELISA for 
diagnosis of Theileria sp. infection in sheep using piroplasm antigens that 
were obtained from experimentally infected sheep with parasitemia 
reaching 30%. However, they found cross-reactions with Babesia ovis. 
MAP-IB ELISA for the detection of heart water antibodies   was 
evaluated in Zimbabwe in sera collected from sheep, goats and cattle 
from heartwater free and endemic areas (Mahan et al., 1993). The test 
showed improved specificity over that of immunoblotting but few false 
positives (1-5%) were still detected.  Furthermore, Mboloi and Jongejan. 
(1999) Statistically validated this test using the two graph receiver-
operating characteristic (TG-ROC) curves and concluded that the test is 
useful for diagnosis of C. ruminantium infection in small ruminants. 
Nevertheless, it is not a reliable indicator of C. ruminantium exposed 
cattle in heartwater endemic areas. 
Alani et al.  (1987) Used the indirect fluorescent antibody (IFA) 
test to diagnose some tick–borne infections of sheep. B. motasi (Wales), 
T. recondita (Wales) and Cytoceates. Phagocytophila antigens were 
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prepared from blood derived from splenectomized sheep except for C. 
phagocytophila, which was obtained from infect hosts. A field survey 
was then conducted using these antigens. IFA titres reported in the 
homologous system were consistently lower than those reported 
previously suggested that B. motasi infection is more widespread than 
was originally thought and more widespread than the known distribution 
of its vectors Haemaphysalis punctata (Alani, et al., 1987).  No 
serological cross-reactions occurred between B. motasi (Wales) T. 
recondita (Wales), C. phagocytophila, B. divergens, Sarcocystis ovicanis 
and Toxoplasma gondii (Alani et al., 1987). 
Detection of acute Anaplasmosis and Babesiosis in cattle is based 
on clinical signs and identification of intraerythrocytic organisms. 
Giemsa stained blood smears from cattle with clinical signs remain the 
most commonly used method to confirm diagnosis (Palmer, 1991). 
Recently an antigen capture ELISA has recently been developed to defect 
A. marginale in blood from acutely infected cattle (True Blood et al., 
1991). This rapid assay detects infection prior to the onset of severe 
anaemia allowing early tetracycline therapy required for effective 
treatment of acute anaplasmosis. Similarly, the use of nucleic acid probes 
has allowed improved definition and persistent infection in carriers 
(Palmer-1991). Polymerase chain reaction (PCR) enhances sensitivity and 
allowed uniform detection in carriers. 
Infection of arthropods has been detected using microscopic 
examination of haemolymph and tissue section combined with 
transmission studies (Palmer, 1991). Nucleic acid probes have been used 
to detect and quantitate haemoparasites in vector ticks. Specifically, DNA 
probes have been used to identify A. marginale in Dermacentor 
andersoni D. variabilis and D. occidentalis (Goff et al, 1988) and B. 
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bigemina in Boophilus microplus (Hodgson et al., 1989, 1992). 
Fluorescent–labelled antibodies have been used to definitively identify 
organisms in live tissue and identification of haemoparasites molecules 
required for invasion of host erythrocytes (Blouin et al., 1990).  The 
indirect fluorescent antibody (IFA) test based on extra cellular elementary 
bodies of Cowdria sp. and a competitive ELISA has been developed 
based on recognition by monoclonal antibodies. By using these 
serological assays, a more accurate assessment of the prevalence and 
present distribution of heardwater in Sub-Saharan Africa and the 
Caribbean can be obtained (Jongejan, 1991). 
The molecular diagnostic tools have been used for diagnosis of tick-
borne disease. (Figueroa and Buening, 1995).  DNA probes have been 
identified for the diagnosis of heartwater (Mahan et al., 1991). 
Immunodiagnostic tests are increasingly used to detect Babesia infection 
especially in the sub clinical situation when organisms are not 
demonstrable in the blood (Soulsby, 1982). Camus et al. (1990) pointed 
out that owing to the rapid development of the disease, the frequent lack 
of characteristic clinical signs and absence of lesions diagnosis of 
heartwater is particularly difficult.  Diagnosis of heartwater includes 
clinical signs such as high temperature, pericardial effusion, nervous 
signs and rapid course (death in 2-3 days).  At post mortem, hydrothorax 
and hydropericardium are evident. In the Sudan, clinical signs of 
heartwater in small ruminants were studied. The disease has acquired its 
Sudanese name "Elkhadar" in sheep because the name of "Lush Lush" in 
goats is due to the frequent movement of the tail (Karrar 1960). 
Differential diagnosis in small ruminants should include the parasitic 
conditions of gastrointestinal strongylosis and Oesophagostomum 
infection that may cause hydropericardium. These conditions are 
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accompanied by anaemia, which slowly develops. Blue tongue has 
similar seasonal occurrence, tetanus, Strychnine and plant poisoning and 
anthrax causing rapid death. Epidemiologically, distribution of heartwater 
coincides with that of Amblyomma sp. so that diagnosis in area where 
Amblyomma sp. does not occur is most unlike (Camus et al., 1996).  
Furthermore, haematological values are indicative and these include 
leucopenia, (Ilemobade, 1976), neutropenia, anaemia (van Amstel et al., 
1994) change in plasma constituents (Clarke, 1962).    
1.7. Economic impact of tick-borne diseases  
Tick–borne diseases are major limiting factors to successful animal 
production. They cause high morbidity and mortality, decreased meat and 
milk production, and loss of draught power and manure. They are also an 
impediment to upgrading of indigenous breeds of cattle, sheep and goats 
and to the introduction of more productive exotic breeds (Ilemobade, 
1991).  Brochelman (1990) reviewed the economic importance of 
babesiosis and anaplasmosis in Southeast Asia and observed that, of an 
estimated 337 million head of cattle in the Asian countries, about 2-20% 
are affected by tick-borne diseases. Srilanka and other Asian countries are 
most in danger of anaplasmosis and babesiosis causing greatest economic 
losses (Brochelman, 1990, Dalgliesh et al., 1990, Jorgensen et al., 1992).                   
The economic impact of babesiosis and anaplasmosis can be 
expressed in terms of mortality, loss of production (including live weight 
gain, milk production and draught potential), the cost of control and, in 
some cases, restriction placed on the movement of animals (Norval et al ., 
1991). As in the case of other areas of pest management, there are few 
reliable estimates of economic losses resulting from babesiosis and 
anaplasmosis. Infestation generally causes local irritation resulting in 
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wounds, which predispose the host to attacks by blowflies, screwworms 
and secondary bacterial infection (Soulsby, 1982). 
Another aspect of economic impact of ticks is the heavy losses in 
live weight gain, which is attributed to tick infestation (Mohammed, 
2003).  Anaemia caused by loss of blood imbibed by ticks is another 
important impact of ticks on livestock industry knowing the amount of 
blood taken by a particular vector is important (Rechav et al., 1994). 
Amblyomma americanum was found to have a blood meal equivalent to 
0.74 ml (Sauer and Hair, 1972), A. maculatum imbibed a blood volume 
equivalent to 2.34 ml (Koch and Sauer, 1984).  On the other hand, many 
ticks transmit serious disease agents such as protozoa bacteria, rickettsia 
and viruses. The most important being babasiosis, anaplasmosis, 
theileriosis, heartwater, Q. fever, Rocky Mountain spotted fever, 
Taularaemia, Relapsing fever and Louping ill (Anon, 1979).  
Chemical acaricides are considered as the main source of drainage 
of hard currency in Africa. The annual cost of chemical acaricides per 
head was estimated in Zimbabwe by Pegram et al. (1996) at US$ 963 
while in Zambia de Castro et al. (1997) estimated this cost at US$12 per 
head per year. Worldwide, the cost of control and damage caused by ticks 
and tick-borne diseases was estimated by McCosker (1979) at US$ 7 
billion per year a figure that was later reviewed to be US$ 14 - 18 billion 
(de Castro, 1997). 
1.8. Control of ticks and tick-borne diseases 
      1.8.1 Tick control: 
There are three major approaches to the control of tick-borne 
diseases of livestock in the West African sub-region (Dipeolu et al, 
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1992). Vector control ensures that the incidence of the disease kept within 
manageable limits. The two commonly used methods are hand de-ticking 
and application of chemical acaricides. However, the escalating costs of 
labor and acaricides make the use of acaricides a less attractive option. 
Moreover, the problem of acaricide resistance in ticks is a further 
dimension in acaricide application besides pollution and effects on the 
non-target organisms. 
Chemotherapy of sick animals is fairly widely used.  It is when 
used under veterinary supervision, allows, in conjunction with acaricidal 
control, for some measure of pre-immunity to be established against the 
diseases. Drugs can be used during the period of initial exposure in a 
method known as chemo- immunization. However, the method can be 
expensive and relies on challenge occurring during the period of drug 
cover that may create problem under a pastoral system. Immunization 
using live blood vaccines has been used only under experimental 
conditions (Ilemobade, 1991).  In endemic countries, disease control 
rather than eradication is the only realistic option. This is particularly true 
in the case of anaplasmosis with its non-bovine reservoirs and variety of 
vector species. Active control of babesiosis and anaplasmosis is achieved 
by immunization, chemoprophylaxis and vector control (Vos, 1991).   
As efficient methods of immunization and chemotherapy of 
malignant ovine theileriosis are still yet to be developed, controlling of 
malignant ovine theileriosis or theileriosis in general largely depends on 
the control of ticks and/or control of animal movement. Control of tick 
population by chemical acaricides is carried out by dipping or spaying 
with acaricides. This method of control is very costly, less efficient in 
controlling diseases and ecologically undesirable (Latif and Pegram, 
1992). A major problem facing chemical use is the ability of ticks to 
develop resistance to acaricides (Wharton et al., 1970; Lugurus et al., 
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1984).  Biological control in this aspect depends on using natural tick 
enemies such as parasitoids, pathogens and predators (Mwangi et al., 
1991, Hassan et al., 1991 and Hassan et al 1992) in addition to host 
resistance and anti-tick vaccines. The latter is expected to reduce the 
reliance on acaricides and other methods (Willadsen et al., 1995). It 
should be noted that reliance on any single method of tick control often 
causes problems or lead to breakdown in the control system. 
1.8.2 Vaccination and chemotherapy against tick-borne diseases 
1-Live Anaplasma vaccines  
This is an attenuated vaccine by irradiation and passaged through deer 
and sheep. This vaccine affords solid protection against virulent challenge 
(Corrier et al., 1985).  
2- Non–living vaccines  
Non-living vaccines overcome difficulties inherent in the production, 
transportation and use of live vaccines. Anaplasma vaccine based on 
lyophilized preparation of organisms is administered with an adjuvant. 
Yearly boosters of this vaccine are recommended and the level of 
protection afforded is dependent upon the nature of the challenge isolate     
(Plamer, 1989). 
3- Subunit vaccines: 
          The vaccine strain used comprised several sub-populations with 
variable biological and genomic characteristics (Carson et al., 1990)      
4- Chemotherapy / chemoprophylaxis 
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  Several groups of compounds have been used in the 
chemotherapeutical control (Kuttler, 1988). Of these, only imidocarb 
dipropinate, Diminazene aceturate and tetracycline antibiotics remain 
available in most endemic countries for control of babesiosis.  Both 
imidocarp and oxytetracycline are effective for the control of 
anaplasmosis as well.  Sulfonamide drugs are the first chemotherapeutic 
agents found to be effective against heartwater (Neitz, 1939).  Purnell et 
al. (1989) reported that susceptible cattle introduced to an endemic 
heartwater area and given three injections of long–acting oxytetracycline 
on days 7, 14 and 21 after introduction did not develop clinical disease.  
On the other hand, vector control insures that the incidence of disease is 
kept with in manageable limits. The two commonly used methods are 
hand de-ticking and application of acaricides (Ilemobade, 1991). Drugs 
can bee used during the period of initial exposure in a method known as 
chemo-immunization (Ilemobade, 1991).  However, the method can be 
expensive and relies on challenge occurring during the period of drug 
cover, which may create problems under a pastoral system. 
Chemotherapy of sick animals is fairly widely used.  Infection of Babesia 
sp. can be prevented by adequate tick control measures, which keep 
animals free from tick infection. This can be done by regulate dipping of 
animals (Soulsby, 1982). 
1.8.3Treatment: 
Camus et al. (1996) reported that the control of heartwater is 
usually by:  
1- Treatment by sulphonamides and antibiotics that must be given as 
early as possible and preferably to be repeated (Ilemobacle 1976).  It 
must be noted that the use of antibiotics does not prevent the development 
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of immunity and does not sterilize the animals from the inflection (Camus 
et al., 1996). A screening system using mice could accelerate the 
identification of drug effects against cowdriosis (McHardy and 
Mackensie, 1986, 1987). 
2- For prophylaxis, Camus et al. (1996) pointed out that practical disease 
control and the use of immunization can be separately applied or can be 
achieved successful heartwater control, and for preventing the 
introduction of the disease into areas where it is not endemic by 
quarantine and implementing tick control is the goal of prophylaxis.  It 
has been known for a long time that animals which have recovered from 
heartwater infection possess resistance to the disease (Alexander, 1931). 
Darrag, (2003) pointed out that the livestock movement between areas of 
seasonal concentration are considered the major factor for the spread of 
livestock diseases. The only practical solution to this problem is the 
introduction of ranching system with adoption of conservative grazing 
management. These will assist the control of the spread of livestock 
diseases since the individual ranch will act as a disease free zone.        
1.9.Objectives of this study: 
The research aims were to achieve the following objectives: 
1-    to identify tick species infesting sheep at Alkadaro Export Abattoir. 
2-    to investigate the prevalence of Theileriosis, Babesiosis and 
       Cowdriosis in export sheep at Alkadaro abattoir 
3-  to determine the prevalence of ticks and tick-borne diseases according 
to breed of sheep, locality and season. 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
 
2.1.  Study area: 
 2.1.1. AlKadaro Slaughter House: 
AlKadaro Slaughter House is an export abattoir, in Khartoum 
North Province, Khartoum State established in 1973 as the first export 
abattoir in the Sudan. Animals that include cattle, sheep, goats and rarely 
camels are brought to the abattoir from different parts of the Sudan. 
Sheep constitute the majority of these animals.  
  
2.2. Collection of samples: 
 A total of 240 samples were collected in AlKadaro abattoir from 
sheep brought from ElObied, Kosti, Al Damazin, Al Gadarif and Singa 
(Fig. 1).   Five adult male sheep from each locality were used for 
collection of ticks, serum and whole blood on a monthly basis starting 
from September 2002 to August 2003. 
 
2.2.1. Ticks collection:   
 Total body tick collection was carried out from sheep using a pair 
of blunt metal forceps.  The body sites included external and internal ears, 
eyelids, around lips, neck, axilla, brisket, belly, and scrotum.  Collection 
sites also included under and along the tail shaft and at the end of the tail 
shaft, around anus, limbs and between hooves. 
The collected ticks were then put in glass tubes half–filled with 
70% ethanol and tightly closed with rubber cover. The tubes were 
labelled indicating type of sheep, coat co lour, the origin and date of 
collection.  Ticks were identified under a dissecting microscope 
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according to Hoogstraal (1956), Hoogstraal and Kaiser (1959), Walker et 
al. (2000) and Walker et al., (2003) methods. 
 
 2.2.2. Blood samples collection:  
 Blood was drawn from jugular vein into vials containing Ethylene 
diamine tetra-acetic acid. (EDTA)  Blood smears were immediately made 
after blood collection.  These were air dried and labelled indicating sheep 
type, origin and date of collection.  Complete haemogram that included 
packed cell volume, haemoglobin concentration, red blood cells count, 
white blood cells count, mean cell volume, mean cell Hemoglobin and 
mean cell haemoglobin concentration were carried out from the blood 
collected in EDTA. 
 
2.2.2.1. Preparation of blood smears:  
Blood smears were prepared from the blood collected from the 
jugular vein. A drop of blood was put onto a clean microscopic slide.  
Another slide as spreader was kept at an acute angle in order to obtain 
one thin cell layer smear.  The slides were air dried and immediately 
fixed in absolute methyl alcohol for few seconds.  In the laboratory, the 
smears were stained using solution of Giemsa's stain. 
  
2.2.2.2. Preparation of Giemsa's stain:   
Giemsa's stain was prepared as described by Baker and Silverton 
(1980). A weight of 3.8 grams of commercial Giemsa's powder was 
weighed.   A volume of 250 ml absolute methanol was gradually added to 
the powder until the powder was completely dissolved in methanol.   A 
volume of 250 ml pure glycerol was then added to the mixture that was 
thoroughly mixed. The solution was allowed to stand for 7 days at room 
1
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temperature (30ºC). The solution was then filtered through No. 1 
Whatman filter paper.  This Giemsa’s stock was stored at 4ºC until used.  
 
2.2.3. Preparation of phosphate buffered saline (PBS): 
One tablet of phosphate buffered was dissolved in 1 litre distilled 
water and the pH was adjusted to 7.2. 
2.2.4. Giemsa’s staining procedure:   
 One ml of Giemsa's stock solution was diluted in 9 ml phosphate 
buffered saline (pH 7.2).  The slides were then flooded with the stain for 
45 minutes.  They were washed with distilled water and allowed to air dry 
at room temperature.  
2.3. Serum Preparation: 
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 Whole blood was collected from jugular vein of sheep into sterile 
plain vacationers with needles and adapters.  It was allowed to clot at 
room temperature for 1-2 hours and was then left overnight at 4ºC in a 
refrigerator. Thereafter, the serum was removed by a Pasteur pipette and 
transferred to another tube that was labelled indicating number and origin 
of the sheep, date of collection, and kept at -20ºC until used. 
2.4. Haematology:  
2.4.1. Packed cell volume (PCV):   
The PCV was prepared from the whole blood according to Monica 
(2000) method.  The test was performed in duplicates. About three-
quarters of plain capillary tubes were filled with blood collected in EDTA 
from sheep. The filled ends were sealed with cristoseal then the tubes 
were arranged in the slots of the microhaematocrit centrifuge with sealed 
ends against the rim gasket (to prevent breakage). They were centrifuged 
for 3–5 minutes (1200–1500 rpm).  Then, PCV values for each animal 
was immediately read using the Hawksley haematocrit reader. 
 
2.4.2. Haemoglobin (Hb) concentration: 
 Haemoglobin values are expressed in grams per decilitre (g/dl).   
The method is based on Drabkin's cyanide-ferricyanide solution pH 8.6, 
which consists of potassium cyanide (KCN) and potassium ferricyanide 
(Monica, 2000) 
         The reagent should be clear and pale yellow in co lour. When 
measured against water as blank in colorimeter at a wavelength of 540 
nm the absorbance should read zero.    Haemoglobin reacts with KCN to 
give methaemoglobin that reacts with KFeCN giving 
cyanmethaemoglobin. 
A volume of 20 µl of blood was added to 4 ml of the diluent 
(KFeCN). The tube containing the solution was covered with a rubber 
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and inverted several times.  Thereafter, it was allowed to stand at room 
temperature for 5 minutes to ensure the completion of the reaction.  The 
solution of cyanomethaemoglobin (HicN) was read in a electric 
colorimeter at 540 nm.  The value of the haemoglobin (g/dl) was 
calculated using the following formula: 
                      Optical density of test sample X  concentration of standard   
                        Optical density of standard  
 
2.4.3. Red blood cells (RBCs) count:  
This was carried out using counting chamber  as described by 
Monic (2000), counting of the RBCs was carried out by adding a volume 
of 0.02 µl blood to 4 ml formal citrate solution. After sealing the tube, the 
diluted blood was mixed for at least 2 minutes by tilting the tube through 
an angle of about 120º and rotating the tube to allow the air bubble mix 
with the suspension. 
 The counting chamber, with its cover glass in position, was filled 
without delay, by the capillary tube or a Pasteur pipette.  Care was taken 
that the counting chamber filled in one action and no fluid to flow into the 
surrounding moat.  The chamber was left undisturbed for at least 2 
minutes for the cells to settle. 
The cover glass was of special thickness and perfectly flat and of 
such size when placed on the counting chamber the central-ruled area to 
be filled with the cell suspension.  The cells were counted under a 
microscope using  X 40 lens.  For the accuracy of the count as many cells 
as possible were counted.  With Neubauer chamber, the cells in 4 or 8 
horizontal rectangles of 1 mm X 0.05 mm (80 or 160 small squares) or in 
5 groups of 16 small squares including the cells which touched the top 
and right-hand margins were counted.  The total RBCs was calculated 
using the following formula: 
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3mm4  10N x = dilution  200  x 1N x = l µ/Red blood cells  
                                     0.02 
Where N = number of cells in 80 small squares, 0.1mm in depth  
 
2.4.4. White blood cells (WBCs) count:  
According to Monica (2000), the blood in EDTA was diluted in 
1:20 glacial acetic acid reagent which haemolyzed the red cells leaving 
the white cells to be counted. The acid used was a weak acid solution to 
which gentian violet was added to stain the nuclei of white cells.  White 
cells were counted under a microscope in haemocytometer and the 
number of WBCs per litre of blood was calculated.  
A volume of 0.38 ml of diluting fluid was measured and dispensed 
into tubes.  A volume of 20 µl of the blood was added and mixed.  The 
counting chamber was assembled in and the central grid areas and the 
cover glass were cleaned and dried.  The cover glass was slided into 
position and pressed down on each side until rainbow colours were seen. 
The diluted blood sample was re-mixed using a Pasteur pipette held at an 
angle of about 45º.  One of the grids of the chamber was filled with the 
sample and left for 2 minutes for WBCs to settle, and then the slide was 
dried from underside and placed on the microscope stage.  
The cells were then counted in the four large squares of the 
chamber including the cells lying on the lines of two sides of each large 
square.  The number of WBCs per litre of blood was calculated by the 
formula:  
Number of cells x 50 x 106 /L 
 
2.4.5. Mean cell volume (MCV):  
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According to Monica (2000), MCV provides information on red 
cell size.  It is measured in femtolitres (FL) and is determined from the 
PCV and RBCs as follows: 
L/PCV    L) =         FL(MCV  
                             RBCs x 1012/L       
 
2.4.6. Mean cell haemoglobin (MCH):  
Mean cell haemoglobin (MCH) gives the amount of haemoglobin 
in picogram (Pg) in average red cells (Monica, 2000).  It is calculated 
from the formula: 
           L/g/Hb)      =                 Pg( MCH  
                                        RBC x 1012/L      
                
 
 
 
 
2.4.7.  Mean cell haemoglobin concentration (MCHC): 
Mean cell haemoglobin concentration (MCHC) gives the 
concentration of Hb in g/L in 1 litre of packed red cells (Monica, 2000). 
It is calculated as follows:   
  MCHC (g/L) =     (Hb/g/L) 
                                    PCV (L/L) 
 
 
2.5. Biochemical analysis of serum samples: 
2.5.1.  Serum total protein  
Determination of serum total protein was carried out by the Burette 
reaction described by Weilchselsaum (1946).  The Burette principle 
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describes that in alkaline pH, the Burette reagent reacts with the protein 
to produce violet co lour complex so that the Burette reagent depends on 
NaOH to produce the alkaline pH.  It is formed by Na.K tartarate, KI and 
the reactive substance CuSO4. 2H2O.  
For each 20 µl of serum, 1 ml of Burette reagent was added, then 
the mixture was left at room temperature for about 10 minutes.  The final 
colour was read colorimetrically at 540 nm. The protein concentration 
was calculated in g/dl using the following formula: 
 
)dl/g(C Test        = ∆ Test x C) =        dl/g(Total protein  
                                          ∆ Standard 
 
Where ∆ is the optical density and C is the concentration of the standard. 
The result was then converted into S.I.U. (g/L) then multiplied by 10.  
 
2.5.2. Serum albumin  
Serum albumin level was measured by the Bromocresal green 
(BCG) method as described by Widdowson (1967).  The BCG principle 
describes that in acidic pH the BCG reacts with the albumin to produce 
a colour that changes the indicator from yellow–green to green–blue. 
The specific binding of dye BCG with albumin results in changing peak 
absorbence wavelength.  For each 10 µl of serum, 2 ml of BCG reagent 
were added.  The mixture was then incubated at 20º-25ºC for about 10 
minutes.  Thereafter, the final colour was read colorimetrically at 620 
nm.  The Albumin concentration was calculated in g/dl as follows: 
 
) dl/g(C Test       = ∆ Test x C) =    dl/g(Albumen  
                                ∆ Standard 
 
The values were then converted into S.I.U. (g/l) then multiplied by 10. 
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 2.5.3. Blood urea: 
Serum urea level was determined by the Berthelot Enzymatic 
colormetrical method described by Evans (1968). The Berthelot method 
principle urease catalyses the conversion of urea to ammonia. In a 
modified Berthelot reaction, the ammonia ions react with a mixture of 
salicylates, hypochlorites (reagent 1) and nitroprusside (reagent 2) to 
yield a blue–green colour.  The intensity of this dye is directly 
proportional to the concentration of urea in the sample.  For each 10 µl of 
serum, 1 ml of reagent 1 was added, then after 5 minutes, 1 ml of reagent 
2 was added.  The mixture was incubated at 20- 25ºC for 10 minutes.  
The final colour was read colorimetrically at 580 nm.  The urea 
concentration was calculated in mg/dl as follows: 
) dI/g(C  standard =       x Csample ∆) =     dl/mg(Urea  
                              ∆ Standard  
The result was then converted into S.I.U. (m.mol/l) by the formula:  
 
10x 1 d/mg = 10x 1 d/mg= l /mol .m 
                   Mwt                  60 
  
(To convert urea from mg/dl to m.mol/l was divided by 6).          
2.6. Serological tests:  
2.6.1. Enzyme linked immunosorbent assay (ELISA)  
2.6.1.1. Recombinant antigen:  
 Heartwater indirect ELISA test kits for detection of antibody to 
recombinant MAPI–B (Major antigenic protein 1-B) Ehrlichia (Cowdria 
ruminantium) were kindly supplied by Prof. Frans Jongejan, Division 
Parasitology and Tropical Veterinary Medicine, Faculty of Veterinary 
Medicine, Utrecht University, The Netherlands.  Protein concentration 
was 1µg/ml.  The antigen was stored at 4ºC until used.    
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2.6.1.2.  ELISA reagents and buffers:             
2.6.1.2.1. . Reagents included in the kits: 
1 - Recombinant MAPI-B antigen (stored at 4ºC).  
2 - Positive control serum (freeze–dried) and this was
reconstituted in sterile distilled water. Aliquots of 
5 ml were stored at -20ºC.  Later, these were diluted 
1: 200 in sterile distilled water and were kept at 
4ºC.  They were used within 3 days of 
reconstitution. 
            3- Negative control serum  (freeze–dried) was reconstituted in 
sterile distilled water. Aliquots of 5 ml were stored at –20ºC. 
Later, they were diluted 1:200 in sterile distilled water. The 
diluted stock was kept at 4ºC and used within 3 days of 
reconstitution. 
4- Tween 20 was stored at 4ºC. 
5- Rabbit anti-sheep/peroxides conjugate (Freeze–dried) was 
stored at 4ºC.  It was reconstituted in sterile distilled water. 
Aliquots were kept at –20Cº for longtime storage and at 4ºC for 
short time use.  
          6- Phosphate–Citrate buffer tablets with urea hydrogen 
peroxides (1 tablet /10 ml) were stored at 4ºC. 
         7- ABTS substrate: 2.2–a 2 ino–bis (3 -ethylenz thiazoli–6 
sulfonic acid (10 mg each) stored at room temperature (20ºC) 
use sterile tips for ABTS and H2O2.     
   
2.6.1.2.2. Not included in the kit:         
i. Skimmed milk  
 
 35 
ii. Coating buffer (pH 9.5). For this, 15 Mm N2aCo3
and 35 Mm NaHCo3 were freshly prepared and used. 
      
iii. PBS (diluting buffer) containing 0.1%  (Tween 20). 
2.6.1.2.3. Other materials required and not included are 96-well 
microplates Greiner cat. 655061 microplate reader with 
interference filter of 405 nm. 
 
2.6.1.3.  ELISA Procedure (Indirect ELISA MAP1-B protocol): 
 The test was performed as described by van Vliet et al. (1995) with 
the exception that MAP1-B antigen was used at a concentration of 
1µg/ml in 50M m sodium carbonate and sodium bicarbonate buffer (pH 
9.5). Maxisorb 96-well flat-bottomed polystyrene ELISA plates were 
coated with MAP1-B antigen (Plate 1). Each well received 100µl using a 
single channel micropipette adjusted to 100µl. The plates were then 
incubated at 37oC for I hour and then overnight at 4 oC (Table 1).  The 
coating buffer was removed and the plates were rinsed 3 times using 
washing buffer (PBS, pH 7.2 +0.1% Tween 20).  Blocking was 
performed with 1% skimmed milk containing washing buffer (PBS 
TM+0.1% Tween 20) and 200µl blocking buffer.  The plates were 
incubated at 37 oC for 15 minutes then washed three times using washing 
buffer. Test sera in a dilution of 1:200 in diluent buffer (skimmed milk 
Table 1: Summary of the MAP1-B ELISA Protocol. 
Assay steps Incubation 
period 
Incubation 
Temperature 
(oC) 
Plate 
shaking
Washing 
times 
Coating MAP1-B Overnight 4 Yes 3 
Blocking 15 min 37 Yes 3 
 36 
Add test sera I hour 37 Yes 3 
Add conjugate 1 hour 37 Yes 3 
Add substrate 30 min Room temp. No None 
Add stopper None Room temp No None 
Read reaction Inference filter 
at 450 nm 
No No None 
Van Vliet et al., (1995) 
 1%) were applied in duplicates in appropriate wells then the plates were 
incubated at 37 oC for 1 hour (Table 1).  The plates were then washed 
three times to remove excess sera and incubated with 100µl of the 
conjugate The conjugate was affinity purified rabbit anti-sheep IgG 
peroxidase conjugated (Heavy and light chain).  The conjugate was used 
in a dilution of 1:1000 in diluent buffer (PBS -TM).  A volume of 100µl 
of the conjugate was added to each well and the plates were incubated at 
37oC for 1 hour.  They were then subjected to soak washing with (PBS-
TM) three times within a period of 5 minutes.  A volume of 100µl of 
OPD substrate was added to each well and then wrapped in foil then 
incubated at room temperature for 30 minutes (Table 1). Then 100 ml 
stopper was added to each well. 
 The optical density was read using (Labsystems multiskan RC) 
with an inference filter of 405 nm. In each plate, two adjacent wells 
contained the same sample while the first two rows consisted of duplicate 
of one blank of buffer, control positive and control negative samples. The 
3 negative reference serum samples collected from sheep reared in Barber 
area (Long. 33oN, Lat. 16oE) Northern State, an area considered to free of 
Amblyomma spp. The cut off point or cut off value was calculated as 
mean average optical density (O.D) of negative three samples (from 
Barber) = means + 2 Standard deviation (SD). 
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2.7. Statistical analysis  
 Data of various samples collected were subjected to appropriate 
general linear model (GLM) procedure of the statistical analyses using 
the SAS package.  The SAS was used to perform analysis of variance 
(ANOVA) and the mean separations were performed using Ryan-Einot-
Gabriel-Welsch multiple range test (REGWQ) (Day and Quinn, 1989). 
Correlation analysis was carried out to relate tick count with 
haematological and biochemical data according to season, location and 
type of sheep.  
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CHAPTER THREE 
 
RESULTS 
 
 
3. 1. Survey on ticks associated with sheep:  
 
Four tick genera and eleven species were identified during the 
survey period. These were the genera Rhipicephalus, Boophilus, 
Hyalomma and Amblyomma.  The tick species included Boophilus 
decoloratus, Rhipicephalus evertsi evertsi, R. camicasi, R. guilhoni, R. 
muhsamae, Hyalomma anatolicum anatolicum, H. dromedarii, H. 
marginatum rufipes, H. impeltatum, H. truncatum and Amblyomma 
lepidum,   (Table 2).  
3.2. Abundance and distribution of ticks: 
Table 3 shows abundance of ticks identified from sheep brought 
from Kosti which are in descending order H. truncatum was collected in 
very low numbers, R. guilhoni, A. lepidum R. camicasi, R. e. evertsi, and 
H. truncatum.  The West African tick R. muhsamae has also been 
recorded.   A. variegatum and H. a. anatolicum and Boophilus spp. were 
not identified on the sheep from  Kosti.   
Ticks collected from sheep brought from El Obeid were in 
descending order H. impeltatum, R. guilhoni, R. camicasi, H. dromedarii, 
H. a. anatolicum, and B. decoloratus.  None of the Amblyomma spp was 
found while H. impeltatum was found in very high numbers.  Only one 
male Boophilus decoloratus was recorded.   
Sheep brought from AL Damazin were infested with the following 
ticks in descending order R. guilhoni, A. lepidum, R. camicasi.  Other tick 
species  
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Table 2. Total adult ticks collected from sheep brought to Alkadaro 
Slaughter House from Central Sudan in different seasons in 2002 - 2003 
Location type seaso
n 
R. e. 
evertsi 
A. 
lepidum 
H. 
trunc-
atum 
H. 
impel-
tatum 
R. 
guil-
honi 
R. 
cam-
icasi 
Tota
l 
S 11 45 5 0 88 45 194 
A 26 24 2 0 393 11 456 
Kosti W 
Wi 14 25 6 0 285 26 356 
S 0 6 0 0 12 73 92 
A 0 0 0 0 8 12 20 
Al Gadarif H 
Wi 0 0 0 0 0 0 0 
S 0 34 1 0 25 13 73 
A 0 21 0 0 296 26 343 
AlDama
zin 
W 
Wi 4 25 1 0 102 14 146 
S 0 15 0 0 188 23 226 
A 2 16 0 0 267 25 310 
Singa W 
Wi 0 0 0 0 0 0 0 
S 0 0 0 43 13 0 56 
A 0 0 0 0 8 0 8 
ElObeid H 
Wi 0 0 0 134 87 7 228 
W: Watish, H:  Hamri, S:  Summer, A:  Autumn, Wi: Winter  
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of ticks collected from sheep brought to Alkakaro )) SE+(Means :  3Table  
               Slaughter House from different locations of Central Sudan in 2002-2003. 
Location n R. e. 
evertsi 
A. 
lepidum 
H. trun-
catum 
H.imp- 
eltatum 
R. 
guilhoni 
R. cam-
icasi 
Damazin 35 +.140 
0.09 ab 
+.262 
0.92 a 
+.060 
0.04 a 
0.0 b +.5713 
2.49 a 
+.631 
0.44 b 
Gadarif 20 0.00 b +.300 
0.18 b 
+.050 
0.05 a 
0.00 b +.804 
1.67 bc 
+.203 
0.67 a 
Kosti 80 +.660 
0.18 a 
+.231 
0.24 ab 
+.180 
0.08 a 
+.060 
0.04 ab 
+.889 
1.41 ab 
+.980 
0.29 bc 
Obied 70 +.070 
0.05 b 
0.00 b +.090 
0.04 a 
+.702 
0.92 a 
+.541 
0.61 c 
+.230 
0.09 c 
Singa 35 +.030 
0.03 b 
+.341 
0.43 ab 
0.00 a 0.00 b +.6613 
2.29 a 
+.401 
0.34 bc 
Means (± SE) followed by the same letter in each column are not significantly  
             different at 5% level based an Ryan’s Q test (REGWQ) 
n = number of observations 
 
 
 
 
 
found in very low numbers were R. e. evertsi, B. decoloratus and H. 
truncatum.  Neither H. dromedarii nor H. impeltatum was found.  R. 
guilhoni was found in very high numbers. 
 Ticks recovered from sheep of Singa were in descending order R. 
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guilhoni, R. camicasi, and A. lepidum.   Other ticks recovered in very low 
numbers were R. e. evertsi while H. a. anatolicum was not recovered.
 Ticks from sheep of AlGadarif included R. camicasi and R. 
guilhoni.  Other ticks in very low numbers were A. lepidum and H. 
truncatum.   
Table 4 shows mean ticks collected from different seasons.  R. 
guilhoni collected in autumn from all locations were significantly higher 
than those collected in summer and winter while R. camicasi collected in 
summer were significantly higher than those collected in other seasons. 
There were no significant differences in numbers of R. e. evertsi, A. 
lepidum and H. truncatum collected in all the seasons.  
Watish type of sheep carried significantly more tick species 
particularly R. e. evertsi, A. lepidum, R. guilhoni than Hamari type (Table 
5).  However, they carried significantly less numbers of H. impeltatum 
than Hamari.  There were no significant differences in numbers of H. 
truncatum and R. camicasi carried by the two types of sheep.  
 Table 6 shows correlation analysis between ticks collected from 
sheep with haematological and biochemical values.  There was a highly 
between number of ) .133 0-= r , .01 0< P(significant negative correlation 
R. e. evertsi and RBC values of sheep.    There was also a significant 
 and PCV guilhoni. Rbetween ) .117 0-= r , .05 0< P(negative correlation 
Significant ).   .158 0-= r , .01 0< P(s values and haemoglobin value
positive correlation was detected between numbers of H. impeltatum and 
 and level of guilhoni. Rnumbers of , ).1200= r , .05 0< P(haemoglobin 
=r , .001 0< P(urea 
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 sheep brought to Alkakaro Slaughter of ticks collected from) SE+(Means : 4Table 
House from different locations (Central Sudan) during different seasons in 2002-
2003. 
Season R. e. 
evertsi 
A. 
lepidum 
H. trunca-
tum 
H. impelt-
atum 
R. 
guilhoni 
R. 
camicasi 
Summer 
Mar-Jun 
+.150 
0.08 a 
+.431 
0.46 a 
+.100 
0.06 a 
+.690 
0.30 ab 
+.085 
0.78 b 
+.751 
0.31 a 
Autumn  
Jul-Oct  
+ .350 
0.15a  
+ .830 
0.20a  
+.040 
0.03 a 
0.00 b +.1113 
1.28a 
+.011 
0.24 b 
Winter  
Nov-Feb 
+ .300 
0.01 a  
+ .630 
0.16a  
+.150 
0.06 a 
+.741 
0.77a 
+.156 
1.11 b 
+.540 
0.19 b 
Means (± SE) followed by the same letter in each column are not significantly  
         different at 5% level based an Ryan’s Q test (REGWQ) 
Number of observations = 80 
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  of ticks collected from breeds of sheep brought to Alkakaro) SE+(Means :   5Table  
               Slaughter House from different locations (Central Sudan) in 2002-2003. 
Type n R. e. 
evertsi 
A. 
lepidum 
H. 
truncatum 
H. 
impeltatum 
R. 
guilhoni 
R. 
camicasi
Watish 150 +.390 
0.10 a 
+.491 
0.27 a 
+.110 
0.04 a 
+.030 
0.02 b 
+.6211 
1.09 a 
+.231 
0.20 a 
Hamari 90 + .060 
0.04b  
+ .070 
0.04b  
+.080 
0.03 a 
+.102 
0.72 a 
+.272 
0.61b 
+.890 
0.21 a 
Means (± SE) followed by the same letter in each column are not significantly 
different at 5% level based an Ryan’s Q test (REGWQ) 
n = number of sheep  
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Table 6:  Correlation analysis between ticks collected from sheep in Central Sudan  
               in 2002 – 2003 with haematological and biochemical values 
 
Parameters 
R. e. 
evertsi 
A. 
lepidum 
H. 
truncatum 
H. 
impeltatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.016 ns -0.096 ns 0.041 ns 0.022 ns -0.117* 0.167*** 
RBCs -0.133** -0.010 ns 0.015 ns -0.025 ns 0.081 ns -0.039 ns 
Haemoglobin -0.065 ns -0.048 ns 0.038 ns 0.120* -0.158** 0.004 ns 
WBCs -0.091ns 0.056 ns 0.066 ns -0.092 ns 0.035 ns 0.001 ns 
Total protein -0.034 ns -0.075 ns -0.029 ns 0.023 ns 0.073 ns -0.022 ns 
Albumen -0.105 ns 0.040 ns 0.065 ns -0.052 ns 0.019 ns -0.019 ns 
Urea -0.031 ns -0.012 ns -0.056 ns -0.024 ns 0.193**
* 
0.029 ns 
not significant   =  ns,  .001 0< P*** = , .01 0< P**   = ,  .05 0< P*   =  
Number of samples = 240 
 
 
 
 
= r , .001 0< P( with PCV values camicasi. Rand numbers of ) .1930
0.167).  Other haematological and biochemical values were not 
significantly correlated with the numbers of ticks collected from sheep. 
) .3600-= r , .001 0< P(A highly significant negative correlation 
was found between total numbers of A. lepidum in winter and PCV values 
, .05 0< P(There was a significant positive correlation ). 7Table (of sheep 
r = 0.189) between R. guilhoni collected in winter and the number of 
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RBCs.   Other haematological and biochemical values in winter were not 
significantly correlated with the numbers of ticks collected. In summer, 
between ) .2050-= r , .05 0< P(there was a significant negative correlation 
the numbers of H. truncatum and urea level (Table 8).  But, there was a 
between ) .3340= r , .001 0< P(highly significant positive correlation 
numbers of R. camicasi and PCV values. Other haematological and 
biochemical values were not significantly correlated with the numbers of 
ticks collected.  In autumn, there was no significant correlation between 
most of the numbers of ticks with haematological and biochemical 
 < P(a significant negative correlation , However). 9Table (parameters 
 truncatum. H and PCV values and guilhoni. R between) .2300-= r , .010
A significant positive correlation . and total protein) .2310-= r , .01 0< P(
. and serum ureaguilhoni. Rhas been found between ) .2860= r , .010< P( 
 
3.3. Blood parasites: 
 Out of 240 blood, smear samples collected from sheep of different 
breeds 37 (15.4%) samples were positive for Theileria spp.  Parasitaemia 
of the positive cases was low (< 1/1000)  (Table 10).  The positive cases 
were detected in different locations.  These cases were detected during 
months  following   
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Table 7: Correlation analysis between ticks collected from sheep 
during winter in 2002-2003 with haematological and biochemical values  
  
Parameters 
R. e. 
evertsi 
A. 
lepidum 
H. 
truncatum 
H. 
impeltatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.074ns -0.360*** 0.176 ns 0.094 ns -0.081 ns -0.003 ns 
RBCs -0.138 ns -0.128 ns 0.050 ns -0.002 ns 0.189* -0.125 ns 
Haemoglobin -0.208* -0.488 ns 0.027 ns 0.116 ns -0.201* -0.213* 
WBCs 0.166 ns 0.183 ns -0.003 ns -0.143 ns 0.058 ns 0.009 ns 
Total protein 0.111 ns -0.092 ns 0.101 ns 0.073 ns 0.255** 0.056 ns 
Albumen -0.221** -0.009 ns 0.138 ns -0.072 ns 0.078 ns -0.035 ns 
Urea -0.054 ns 0.033 ns 0.041 ns -0.023 ns 0.014 0.134 ns 
ntnot significa=  ns  , .001  0< P*** = , .01  0<P **   = ,  .05   0< P*   =  
Number of samples = 80 
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The Larger No.of Hamari breed of sheep was found to be more infected. 
However, no Babesia spp. Nor Anaplasma spp were detected (Table 10) 
3.4. Haematological and biochemical values of sheep infested with 
ticks: 
The results of relationship between haematological and 
biochemical values and tick infestation in sheep brought to Alkadaro 
Slaughter House from different locations in Central Sudan are given 
below: 
 
3.4.1. Packed cell volume (PCV): 
in ) .31+.828(reached the highest values ) PCV(The packed cells volume 
The PCV values ). 11Table (in January ) .60+.522(June and the lowest 
Table (with increase in tick infestation ) .05 0< P(significantly decreased 
 when the abundance of) .31+ .8 28(These values reached the peak ) 13
PCV reached the peak , In El Gadarif.  in June) .91+.412(tick was low 
) 12Table ) (.91+.48(when tick infestation was very low ) .3 1+.2 29(
was recorded  in Al Damazin when tick ) .60+.522(while the lowest value 
According to sheep type the ). .62+.717(infestation reached the highest 
The .  with tick infestation) .05 0< P(PCV shows significant relationship 
was associated with Hamari type with very ) .50+.825(highest PCV value 
was ) .30+.723(while the lowest ) 13Table ) (.11+.65(low tick infestation 
d with Watish type that was infested with high tick numbers associate
).1.1+.614( 
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Table 8: Correlation analysis between ticks collected from sheep 
during summer in  
              2002-2003 with haematological and biochemical values   
 
Parameters 
R. e. 
evertsi 
A. 
lepidum 
H. 
truncatum 
H. 
impeltatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.167 ns -0.124 ns -0.094 ns -0.078 ns 0.099 ns 0.334*** 
RBCs -0.133 ns -0.046 ns -0.058 ns -0.077 ns 0.163 ns -0.059 ns 
Haemoglobin -0.093 ns 0.051 ns -0.018 ns 0.094 ns 0.079 ns 0.159 ns 
WBCs 0.135 ns -0.025 ns 0.169 ns -0.111 ns 0.090 ns -0.064 ns 
Total protein -0.127 ns -0.070 ns -0.098 ns -0.135 ns -0.107 ns 0.072 ns 
Albumen 0.060 ns 0.041 ns 0.026 ns -0.039 ns 0.059 ns -0.055 ns 
Urea -0.076 ns -0.107 ns -0.205* 0.213* -0.157 ns -0.139 ns 
not significant  =  ns,  .001  0< P*** = , .01  0< P**   =  ,  .05   0< P*   =  
Number of samples = 80 
 
 
 
 49 
 
 
 
 
 
 
 
 
 
 
Table 9: Correlation analysis between ticks collected 
from sheep during autumn in  
              2002-2003 with haematological and biochemical 
values   
     
Parameters 
R. e. 
evertsi 
A. 
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi
PCV 0.181 ns 0.007 ns 0.033 ns -0.230** -0.090 ns 
RBCs -0.151 ns 0.163 ns 0.122 ns -0.010 ns 0.003 ns 
Haemoglobin 0.146 ns 0.072 ns 0.100 ns -0.127 ns -0.095 ns 
WBCs 0.077 ns 0.087 ns 0.013 ns 0.102 ns -0.001 ns 
Total protein -0.064 ns -0.107 ns -0.231** 0.080 ns -0.164 ns 
Albumen -0.112 ns 0.037 ns 0.026 ns -0.004 ns -0.048 ns 
Urea -0.040 ns 0.096 ns 0.116 ns 0.286** -0.235 ns 
not significant= ns  , 0.001 < P*** = , .01 0< P**   = ,  05. 0< P*   =  
Number of samples = 80 
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Table 10: prevalence sheepTheileria spp. detected in blood of sheep 
                brought  to Alkadaro Slaughter House from different locations 
               of Central  Sudan in 2002 – 2003  
Locations Number 
tested 
Number +ve 
(%) 
Kosti 80 11 (13.75) 
AlDamazin 35 5 (14.8) 
ElObeid 70 16 (22.85) 
Singa 35 4 (11.42) 
AL Gadarif 20 0 
Total 240 37 (15.42) 
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3.4.2. Haemoglobin (Hb)concentration: 
  
 < P(Hb concentration was associated significantly , Similar to PCV
, )dl/g.4 0+.810(The highest Hb values of . with tick infestation) .050
February , were recorded in January) dl/g.4 0+.410(and ) dl/g.3 0+.310(
) .62+.64(, ).32+.16(respectively when the tick load was low , nd Marcha
the low , In addition). 11Table (respective , in those months) .21+.85(and 
recorded in November and ) dl/ g0.3+.28(and ) dl/g.3 0+.18(values 
December,  
gh tick infestation that reached the peak respectively corresponded with hi
the highest , According to the locality). 11Table (in October ) .93+.121(
(10.1+0.2 g/dl) were recorded in ElObied when the tick infestation 
was recorded ) dl/g.2 0+.18(The lowest Hb ). .11+.84(reached the lowest 
) .62+.717( Al Damazin when tick infestation reached the highest in
relationship between ) .05 0< P(There was also a significant ). 12Table (
were ) dl/g.2 0+.99(The highest Hb values . Hb values and sheep type
were associated with ) .11+.65(associated with Hamari while the lowest 
Watish (Table 13).     
 
3.4.3. Red blood cells (RBCs) count:                                                    
between tick ) .05 0>P (There was no significant difference 
infestation and RBCs count for each month (Table 11), locality (Table 
12) and sheep type (Table 13).       
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 of haematological  and biochemical values of sheep infested )SE+ (Means: 11Table 
with  
                ticks in different month in 2002- 2003 
Months Mean 
total 
ticks  
Mean 
PCV 
(%) 
Mean 
RBCs 
(106) 
Mean 
Hb/g/d
l  
Mean 
WBCs 
(103)  
Mean 
Total 
protein 
(g/dl) 
Mean 
Album
en 
(g/dl) 
 
Mean 
Urea 
(mg/dl)  
Septembe
r 
+.14 
1.6d  
+.225 
0.8 bc 
+.47 
0.5 a 
+.88 
0.3bc 
+9 
0.8abc 
+.14 
0.3c 
+.23 
0.2b 
+.743 
3.7ef 
 
October +.121 
3.9a 
+.223 
0.7bc 
+.96 
0.5a 
+ .48 
 0.3bc 
9.7+ 
 1.1abc 
+4 .5 
 0.3ab 
+.63 
0.1ab 
+.370 
5.6bc 
Novembe
r 
9.8± 
1.9abcd 
+.822 
 1bc 
+.1 7 
 0.5 a 
 +.1 8 
0.3c 
 +.4 11
1a 
 +.54 
0.1b 
 +.63 
0.2ab 
+46 
5.1def 
Decembe
r 
+.617 
2.9abc 
+.323 
0.9bc 
+.48 
 0.9 a 
 +.2 8 
0.3c 
+.69 
 0.8abc 
+.85 
0.3a 
+.73 
0.1ab 
+.762 
3.9dce 
January +.16 
2.3abc 
 +.522 
0.6c 
+.17 
 0.4 a 
+.8 10 
0.4a 
+.86 
 0.4c 
+.3 5 
 0.3ab 
+.73 
0.1ab 
+.262 
6.1dce 
February +.64 
2.6d 
 +.725 
0.9bc 
 +.1 7
0.5 a 
+.3 10 
0.3a 
 +.98 
0.7abc 
+.55 
0.2ab 
 +.33 
0.1b 
+46 
5.3def 
March +.85 
1.2cd 
+.124 
0.8bc 
 +.7 6
0.4 a 
+.4 10 
0.4a 
 +.79 
0.7abc 
+.94 
0.2abc 
+.53 
0.1ab 
+.869 
4.9bc 
April +.512 
2.6abcd 
+.624 
0.5bc 
 +.37 
0.4 a 
+.59 
0.02bc 
 +.811 
0.7a 
+.35 
0.2ab 
+.83 
0.1ab 
+.142 
3.8f 
May +.46 
1.7bcd 
+.226 
0.6ab 
 +.68 
0.5 a 
 +.5 8 
0.5bc 
 +.410 
0.8ab 
+.25 
0.3abc 
+.93 
0.1ab 
+64 
3.9cd 
June 1+.412
.9abcd 
 +.828 
1.3a 
8.9 + 
0.7 a 
 +.7 9 
0.4ab 
+.48 
0.8abc 
+.25 
0.3abc 
+.83 
0.2ab 
+.573 
3.8bc 
July +.716 
4.5abc 
+.124 
0.5bc 
 +.6 8
0.2 a 
 +.5 8 
0.1bc 
+.38 
0.7abc 
+.55 
0.2ab 
+.73 
0.2ab 
+.388 
2.7ab 
August +.118 
3.2ab 
+ .6 23
0.7bc 
 +.4 7
0.3 a 
+.4 8 
 0.3bc 
+.77 
0.6bc 
+.35 
0.2abc 
+.93 
0.1a 
+.196 
4.4a 
Means (± SE) followed by the same letter in each column are not significantly  
       different at 5% level based an Ryan’s Q test (REGWQ) 
Number of observations = 20 in each month 
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 of haematological and biochemical values of sheep infested)SE+ ( Means:12Table  
                 with ticks in different locations in Central Sudan in 2002- 2003 
Location 
(n)  
Mean 
total 
ticks 
Mean 
 PCV 
% 
Mea
n 
RBC
s 
(106) 
Mean 
 Hb 
 g/dl 
Mean 
WBCs 
(103) 
Mean 
Total 
protein 
(g/dl) 
Mea
n 
albu
min 
(g/dl
) 
Mean 
urea 
(mg/dl
) 
Al 
Damazin 
(35) 
17.7 
a.62+ 
22.5 
c.60+ 
7.8 
.50+
a 
8.1 
c.20+ 
10.7 
a.60+ 
5.4 
a.20+ 
3.7 
.10+
a 
63.6 
ab.93+ 
AlGadari
f (20) 
8.4 
bc.91+ 
29.2 
a.31+ 
8.2 
.70+
a 
9.1 
bc.50+ 
8.6 
bc.01+ 
5.4 
a.30+ 
3.7 
.20+
a 
70.3 
a.44+ 
Kosti  
(80) 
12.9 
ab.51+ 
23.8 
bc.40+ 
7.3 
.20+
a 
8.8 
bc.20+ 
10.2 
ab.40+ 
5.1 
a.10+ 
3.6 
.10+
a 
65.4 
ab.82+ 
ElObeid 
(70) 
4.8 
c.11+ 
24.9 
b.40+ 
7.4 
.20+
a 
10.1 
a.20+ 
8.1 
c.30+ 
5.2 
a.10+ 
3.5 
.10+
a 
54.7 
b.23+ 
Singa  
(35) 
15.6 
a.42+ 
24.6 
b.50+ 
8.3 
.40+
a 
9.0 
b.20+ 
9.1 
abc.30+ 
5.0 
a.20+ 
3.8 
.10+
a 
74.4 
a.54+ 
Means (± SE) followed by the same letter in each column are not significantly  
       different at 5% level based an Ryan’s Q test (REGWQ) 
n = number of observations 
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ical and biochemical values of different types of haematolog)SE+ (Means: 13Table  
                 Of sheep infested with ticks in Central Sudan in 2002- 2003 
Location n Mean 
total 
ticks 
Mea
n 
 
PCV 
(%) 
Mea
n 
RBC
s 
(106) 
Mea
n 
 Hb 
g/dl 
Mean 
WBCs 
(103) 
Mean 
Total 
protein 
(g/dl) 
Mea
n 
albu
min 
(g/dl
) 
Mean 
urea 
(mg/dl
) 
Hamari 90 5.6 
b.11+ 
25.8 
.50+
a 
7.6 
.20+
a 
9.9 
.20+
a 
8.1 
b.30+ 
5.2 
a.10+ 
3.6 
.10+
a 
58.1 
b.72+ 
Wattish 150 14.6 
a.11+ 
23.7 
.30+
b 
7.7 
.20+
a 
8.7 
.10+
b 
10.1 
a.30+ 
5.1 
a.10+ 
3.7 
.10+
a 
67.1 
a.12+ 
Means (± SE) followed by the same letter in each column are not significantly  
       different at 5% level based an Ryan’s Q test (REGWQ) 
n = number of observations 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 55 
 
                                            
3.4.4.White blood cells (WBCs) count:                                           
relationship  between WBCs ) .05 0< P(There was a significant 
.4 11(The WBCs count reached the peak ). 11Table (count  and tick load 
during November while tick infestation reached the peak ) lµ/cell3 10x 1 +
x .4 0+.8 6(d the lowest The WBCs count reache. in October) .93+.121(
The ) .32+.16(in January when the tick infestation became low ) lµ/cell3 10
was recorded in AlDamazin ) lµ/cell3 10x .6 0+.710(highest WBCs count 
while the lowest ) .62+.717(when tick infestation reached the highest 
was recorded in ElObied when the tick infestation ) lµ/ellc3 10x .3 0+.18(
x .3 0+.110(The highest count ).  12Table ) (.11+.84(reached the lowest 
103 cell/µl) was associated with Watish type when the tick infestation was 
was ) lµ/cell3 10x .3 0+.18(The lowest count ). 13Table ) (.11+.614(high 
). 1.1+.65(associated with Hamari when tick infestation was low  
3.4.5. Total protein values:                                                        
between total ) .05 0> P(There was no significant relationship 
protein values of sheep and tick infestation (Table 11).  The total protein 
in December while the tick load was ) dl/g.3 0+.85(reached the peak 
the total protein reached the , On the other hand). .92+.617(relatively high 
ion was also low in September when the tick infestat) dl/g.3 0+.14(lowest 
) 0.05 > P(There was also no significant ). 11Table ) (.61+.14(
relationship between total protein values and tick infestation in each 
locality (Table 12) and sheep type (Table 13).     
                                                                                
3.4.6. Albumin values: 
     
in August when ) dl/g.1 0+.93(The albumin level reached the peak 
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the lowest while ) .23+.118(the tick infestation was relatively high 
were recorded in September and ) dl/g.1 0+.33(and ) dl/g.2 0+.23(
, ).62+.64(and ) .61+.14(respectively when tick load was lowest , February
respectively (Table 11). However, there was no significant difference 
between albumin value and tick infestation according to locality (Table 
12) and sheep type (Table 13).    
  
3.4.7. Blood urea:  
in August when ) dl/mg.4 4+.196(The urea level reached the peak 
) dl/mg.8 3+.142(while the lowest ) .23+.118(the tick load reached 
Table ) (.62+.512(was relatively low recorded in April when tick load 
was recorded in Singa when ) dl/mg.5 4+.474(The highest urea level ). 11
.2 3+.754(The lowest urea level ). .42+.615(tick infestation was high 
was recorded in ElObeid when tick infestation reached the lowest ) dl/mg
was recorded ) .05 0< P(A significant relationship ).  12Table ) (.11+.84(
between urea level and load of tick infesting different types of sheep. The 
was associated with Watish type with high ) dl/mg.1 2+.167(highest level 
was ) dl/mg.7 2+.158(lowest while the ) .11+.614(tick infestation 
) .11+.65(associated with Hamari that infested with low tick numbers 
(Table 13).                                                            
 
3.5. Detection of Cowdria ruminantium antibodies using ELISA test: 
Out of 240 sheep serum samples collected from different locations 
of the Sudan (Fig.1) for Cowdria ruminantium using MAP1-B ELISA 
(Table 14).   170 (70.8%) were positive the highest prevalence (82.9%) 
was recorded in Singa, followed by Al Damazin (80%), Kosti  (75%) and 
Al Gadarif  (70%).  The lowest prevalence of (55.7%) was recorded in 
ElObeid (Table 14).  
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Table 14: Prevalence sheep cowdriosis in different locations in Central Sudan  
                  using ELISA test during 2002- 2003 
Locality            Number of 
sera 
Positive (%) 
ElObeid 70 39 (55.7) 
Kosti 80 60 (75) 
AlDamazin 35 28 (80) 
Singa 35 29 (82.9) 
AlGadarif 20 14 (70) 
Total 240 170 (70.8) 
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CHAPTER FOUR 
 
DISCUSSION AND CONCULUSION 
 
 
During recent years, the export of sheep, beef and hides and skins 
has been the major source of foreign currency for the Sudan The main 
emphasis of the country veterinary services is on the control of infectious 
diseases that affect the national herd. For more than 50 years, vaccination 
programmes against major live stock diseases in the Sudan e.g rinderpest, 
haemorrhagic septicemia and black quarter were regularly undertaken 
.These diseases are now believed to be under control. The only parasitic 
disease that received attention in terms of research and control was 
trypanosomiasis and tsetse flies.  The Sudanese soil, in general, 
constitutes the most favorable environment for tick development 
(Hoogstraal, 1956). In fact, numerous species were identified in various 
parts of the country, particularly the Blue and White Nile areas (Jongejan 
et al., 1987), Kordofan (Osman et al., 1982) and the Southern States 
(Hoogstraal, 1956). The map distribution of ticks and tick-borne diseases 
has changed due to the extensive animal movement, deforestation, 
desertification and establishment of large mechanized schemes (Hassan 
and Salih, 2004).   
      Tick-borne diseases that affect sheep include theileriosis, babesiosis 
anaplasmosis and cowdriosis which are considered to be the most 
important tick-borne diseases prevalent in the Sudan (El Hussein et al., 
2002). Among these, the most widely encountered tick-borne disease in 
the study area is Cowdria ruminantium. (heartwater infection) which is 
transmitted by Amblyomma species.  It causes heavy losses in the study 
area where sheep are reared particularly during the rainy season.   Osman 
(1979) observed the presence of the diseases in Western Sudan due to 
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widespread Amblyomma species while Theileria spp. is less common in 
the study area.  Although during the cool dry season a high activity of the 
ticks R. e. evertsi and R.  sanguineus group was observed however no 
Babesia spp. was detected in the blood smears.  The many tick species in 
the study area recorded during the rainy season is in agreement with FAO 
(1983) and Tatchell and Easton (1986). The latter concluded that tick 
distribution is regulated by the prevailing microclimatic factors that are 
represented annual rainfall, variation of the temperature and relative 
humidity according to the season, and abundance of the grass cover that 
is influenced by amount of rainfall. 
Tick species identified in this study were generally similar to those 
reported by Hoogstraal (1956), Karrar (1963), Osman et al. (1982), FAO 
(1983) and Jongejan et al. (1987).  In Kordofan Province there is an 
extensive ecological range that favours the survival of various species of 
ticks (Osman et al., 1982).  Although most of the tick species reported in 
this study had been reported by many authors, however, information on 
their seasonal activity is still scanty.  The current study reveals some 
information on the seasonally of ticks infesting sheep in Central Sudan.  
The variety of tick species recorded in this study may be attributed 
to the fact that the animals had been kept under free-range husbandry a 
fact that may imply that the animals could have picked ticks from a wide 
range of ecological zones.  However, some species were more extensively 
distributed than others. This finding was apparent in the case of R.  
sanguineus group (R. guilhoni and R. comic’s) that was more widely 
distributed and was most numerous in sheep grazing areas of the arid and 
semi arid zones. On the other hand, sheep could be preferable hosts for 
feeding of this group of ticks. In fact, it was quite obvious from this study 
that sheep are very preferable hosts for feeding for the R. sanguineus 
group.  This was even clearer for R. guilhoni that was collected in large 
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numbers from all locations.   Moderate numbers of R. e. evertsi were 
recorded in this study.  This could indicate that sheep are also preferable 
hosts for feeding to this ticks species.  It also implies that these tick 
species are widespread in Central Sudan.   
 Hyalomma impeltatum was collected in large numbers in ElObied 
while it was not recorded in most of the other locations.  This could be 
due to the fact that ElObied is camel rearing area and this animal species 
is a highly preferable host for H. impeltatum (Hoogstraal, 1956).  
However, very few camel ticks, H. dromedarii were recorded in the same 
area.  This could indicate that sheep are not preferable hosts to the latter 
tick species while the former tick species uses both sheep and camels as 
hosts for feeding. Although R. e. evertsi and R. sanguineus group (R. 
guilhoni, R. camicasi and R. muhsamae) are present in most of the 
locations investigated, they are unlikely to play a significant role in the 
epidemiology of sheep Theileriosis.  The role of H. impeltatum and H. 
dromedarii in transmission of sheep Theileriosis under field conditions 
remains to be investigated 
Rhipicephalus muhsamae is originally a West African tick species, 
but, it has invaded most of the Sub Saharan countries to the east direction 
up to the Sudan (Walker et al., 2000).  The present study finding a 
confirmation that this tick species has reached the eastern parts of Africa 
Very few Boophilus decoloratus were recorded during the study. This is 
not a surprise because previous workers had collected only been able to 
from few numbers of this species particularly males livestock 
(Hoogstraal, 1956; Karrar, 1963, 1966; Osman, 1982). The absence of B. 
annulatus in Central Sudan is in line with the fact that this tick species is 
restricted to the Southern parts of the Central Sudan (FAO, 1983).  The 
parasitic activities of Boophilus spp. (B. decoloratus) were intensively 
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studied in various parts of the world because of their vector relation ship 
with bovine piroplasmosis.    
The zonal distribution of ticks is much affected by the relationship 
of altitude rainfall and temperature. However, the free movement of tick 
hosts rendered the distribution of many species to be more extensive. For 
instance, Amblyomma lepidum which was previously not common west of 
the Nile (Hoogstraal, 1956) is currently widespread in Kordofan and 
Darfur (Osman,et al 1982; Salih, 2003). In Central Sudan, the presence of 
A. lepidum implies that Cowdria ruminantium is likely to be endemic in 
these areas. This finding is evidenced by the high prevalence rates of C. 
ruminantium.  The fact that A. variegatum was not recorded in this study 
from sheep of western Sudan was a surprise because this tick species has 
been reported from this ecological zone (Hoogstraal, 1956; Osman et al., 
1982; Salih, 2003).  This may be attributed to the fact that small 
ruminants are not preferable hosts to this tick species.    
more infested ) .05 0< P(Watish type was found to be significantly 
by ticks than the Hamari type. This finding may be attributed to the coat 
co lour of the animal.  A similar finding was reported by Hassan (1997) 
who found that tick burdens were correlated with host coat colour. Cattle 
with white coat colour carried significantly more ticks than brown hosts, 
while black cattle carried the least number of ticks.  He suggest that ticks 
picked by animal with black or brown coat colour die or leave the host 
before attachment, due to the relatively raised temperature in the host skin 
micro- environment generated by the dark coat colour. The few H. a. 
anatolicum males recorded from sheep of ElObied is a further 
confirmation that this tick species has established in ElObied which used 
to be free from this tick species (Hoogstraal, 1956; Salih, 2003). This 
implies that tick-borne disease such as sheep theileriosis and tropical 
theileriosis are expected to emerge in this region of the country. 
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According to the result of this study, data analysis shows that the 
prevalence of sheep cowdriosis is widespread in different locations in 
Central Sudan.  The disease was found in high prevalence in Singa 
(82.9%), Al Ddmazin (80%) and with relatively lower prevalence in 
ElObeid (55.7%) and AlGadarif (70%). This finding was associated with 
high abundance of tick vector (Amblyomma lepidum), which was 
) .43 0+.341(and Singa ) .920+.262(recorded in high rates in AlDmazin 
but not recorded in ) .180+.30(while a low rate was recorded in AlGadarif 
ElObeid during this study.  These findings are similar to the studies 
carried out by Abdel Rahman et al. (2003), who recorded high prevalence 
rates of cowdriosis (98.5%) in AlGadarif and 74.2% in Kassala. In 
conclusion, serological evaluation using recombinant MAP1-B antigen 
revealed wide prevalence of C. ruminantium antibodies in Central Sudan. 
The test is handy and can be used to carry out countrywide 
serosurvillance of heartwater antibodies in the Sudan to properly 
delineate geographic distribution of the disease. 
Theileria spp were the only blood parasite by excamination 
detected (15.42%). This indicates that conventional parositological 
methods may not be the suitable methods for filed survey in apparently 
healthy adult sheep. Most of the important TBDs are easily diagnosed by 
conventional parositological techniques during the acute phase of 
infection. However, following recovery, the infections are usually not 
detected by conventional microscopy except through serology (FAO, 
1984). 
Haematological values of sheep infested with ticks are indicative of 
leucopoenia (Ilemobade, 1976) neutropenia and anaemia (van Amsted et 
al., 1994) and change in plasma constituents (Clarke, 1962).  The 
haematological changes were different with species of ticks infesting 
sheep.  The PCV value was significantly positively correlated with sheep 
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infested with R. camicasi but not significant with infestation with R. 
guilhoni.   It was observed that there was a strong negative correlation 
between infestation of sheep with A. lepidum and level of Hb and PCV 
values. This could be due to the fact that this tick species imbibes a large 
amount of blood (Koch and Saucer, 1984).  The negative correlation with 
Hb and PCV values with other tick load could also be attributed to 
quantity of blood imbibed. The observation that the WBCs were strongly 
positively correlated with tick load of sheep could be due to normal 
increase of leukocytes in any parasitism (Van Amstel et al., 1994).  On 
the other hand, these correlation findings could also be due to possible 
infection of these sheep with reckettsiae such as Ehrlichia 
phagocytophiliumas observed by Coke and Woldehiwet (1999) who 
found an increase in number of neutrophils and reduction in RBCs and 
PCV values. Total plasma protein was also found to change according to 
the month of infestation with ticks.  It was high in December but low in 
September.  Clarke (1962) observed similar findings.  
 Urea level was positively correlated with tick infestation.  This 
could be due to the possibility that tick infestation could have affected 
kidney functions.  It could also be due to some parasites or reckettsia 
transmitted by ticks that might have interfered with kidney functions as 
observed by Osman (1999) who found histopathological alterations in the 
renal parenchyma of sheep due to infection with Theileria lestoquardi. 
  
 The most common tick infesting sheep in Central Sudan is R. 
sanguineus group.  Among these, R. guilhoni was found to infest sheep in 
large numbers followed by R. camicasi.  The importance of these two tick 
species regarding sheep productivity and their role in transmission of 
economically important diseases remain to be investigated.   Most of 
sheep brought to Alkadaro Slaughter House originate from H. a. 
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anatolicum free areas as the current study indicated.  Hence, vigilant care 
should be taken to protect these sheep from possible outbreaks of ovine 
sheep theileriosis in this area where the disease is endemic and the vector 
is abundant.  On the other hand, since these animals originate from areas 
where heartwater is endemic and its vectors are abundant there is a 
possibility that these animals may be incubating the disease and their 
quarantine for days covering the incubation period is required prior to 
export.   Nevertheless, it is high time to introduce advanced technologies 
for accurate and quick diagnosis of sheep tick-borne diseases.  This is 
particularly important for heartwater and to some extent babesiosis.  The 
fact that there were no babesiosis cases in this current study does not rule 
out the importance and prevalence of this disease. The technique used for 
detection may be regarded as obsolete.  This is substantiated by the 
several cases of jaundice reported by the authorities at postmortem 
examination of the carcasses.      
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APPENDICES 
 
 
 
Appendix 1: Correlation analysis between ticks collected from 
sheep of AlDamazin in 2002-2003 with 
haematological and biochemical values. 
     Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R.  
guilhoni 
R. 
camicasi 
PCV -0.248 ns -0.074 ns -0.0345 ns -0.088 ns 0.130 ns 
RBCs -0.087 ns -0.164 ns -0.122 ns -0.037 ns -0.060 ns 
Haemoglobin -0.216 ns 0.164 ns 0.176 ns -0.011 ns -0.054 ns 
WBCs -0.347** -0.073 ns -0.064 ns -0.013 ns -0.152 ns 
Total protein 0.240 ns -0.170 ns -0.019 ns -0.309* -0.55 ns 
Albumen -0.239 ns -0.004 ns 0.106 ns -0.481*** 0.40 ns 
Urea 0.061 ns -0.268 ns -0.365** 0.084 ns -0.120 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 35 
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Appendix 2:  Correlation analysis between ticks collected 
                    from sheep of AlGadarif in 2002-2003 with  
                    haematological and biochemical values.  
    Parameters  A.  
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi 
PCV 0.036 ns -0.048 ns 0.131 ns 0.409* 
RBCs -0.028 ns 0.075 ns 0.138 ns 0.027 ns 
Haemoglobin -0.495** -0.381 ns 0.207 ns 0.403* 
WBCs -0.021 ns 0.150 ns 0.309 ns -0.065 ns 
Total protein -0.093 ns -0.186 ns -0.073 ns 0.313 ns 
Albumen 0.217 ns 0.120 ns -0.035 ns -0.442* 
Urea -0.239 ns -0.052 ns -0.342 ns -0.020 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  
 ns  =  not significant 
Number of samples = 20 
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Appendix 3: Correlation analysis between ticks collected from  
                     sheep of Kosti in 2002-2003 with haematological  
                      and biochemical values  
Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi 
PCV 0.120 ns -0.085 ns 0.157 ns 0.108 ns 0.031 ns 
RBCs -0.205* -0.011 ns 0.098 ns -0.231** -0.176 ns 
Haemoglobin 0.016 ns 0.064 ns 0.169 ns -0.026 ns 0.165 ns 
WBCs 0.113 ns -0.015 ns 0.105 ns -0.186* -0.036 ns 
Total protein -0.074 ns -0.088 ns -0.051 ns -0.258** -0.005 ns 
Albumen -0.126 ns 0.082 ns 0.143 ns 0.118 ns -0.036 ns 
Urea -0.105 ns 0.151 ns -0.085 ns -0.030** -0.134 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 80 
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         Appendix 4: Correlation analysis between ticks collected  
                              from sheep of ElObeid in 2002-2003 with 
                              haematological and biochemical values  
Parameters H. 
truncatum 
H. 
impeltatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.030 ns 0.006 ns -0.038 ns 0.072 ns 
RBCs -0.002 ns -0.014 ns -0.160 ns -0.0001 ns 
Haemoglobin -0.119 ns 0.024 ns 0.221* -0.160 ns 
WBCs -0.058 ns -0.062 ns -0.064 ns -0.054 ns 
Total protein 0.049 ns 0.042 ns 0.149 ns -0.078 ns 
Albumen -0.061 ns -0.062 ns 0.079 ns 0.066 ns 
Urea 0.094 ns 0.076 ns -0.114 ns 0.022 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,   
ns  =  not significant 
Number of samples = 70 
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          Appendix 5: Correlation analysis between ticks collected  
                            from sheep of Singa in 2002-2003 with  
                            haematological and biochemical values. 
Parameters R. e. 
evertsi 
A.  
lepidum 
R. 
guilhoni 
R.  
camicasi 
PCV 0.078 ns 0.156 ns -0.443*** 0.072 ns 
RBCs 0.019 ns 0.264 ns -0.038 ns -0.114 ns 
Haemoglobin -0.005 ns 0.213 ns -0.381** 0.079 ns 
WBCs -0.063 ns 0.045 ns -0.025 ns 0.160 ns 
Total protein -0.035 ns -0.004 ns 0.199 ns -0.487*** 
Albumen -0.102 ns -0.080 ns 0.060 ns -0.184 ns 
Urea 0.113 ns -0.129 ns 0.294* 0.225 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001, 
 ns  =  not significant 
Number of samples = 35 
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Appendix 6: Correlation analysis between ticks collected from  
                     Hamari sheep in Central Sudan in 2002-2003 with 
                     haematological and biochemical values 
Parameters A.  
lepidum 
H. 
truncatum 
H. 
impeltatum 
R. 
guilhoni 
R. 
camicasi 
PCV 0.150 ns -0.045 ns -0.062 ns 0.119 ns 0.439 ns 
RBCs 0.033 ns 0.008 ns -0.036 ns 0.003 ns 0.113 ns 
Haemoglobin -0.344 ns -0.146 ns 0.062 ns 0.140 ns -0.055 ns 
WBCs 0.012 ns -0.012 ns -0.059 ns 0.100 ns 0.005 ns 
Total protein -0.023 ns 0.008 ns 0.026 ns 0.094 ns 0.117 ns 
Albumen 0.133 ns -0.029 ns -0.062 ns 0.55 ns -0.108 ns 
Urea 0.002 ns 0.061 ns 0.027 ns -0.091 ns 0.159 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 90 
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       Appendix 7: Correlation analysis between ticks collected from 
Watish 
                            sheep in Central Sudan in 2002-2003 with 
haematological  
                             and biochemical values. 
Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R.  
guilhoni 
R. 
camicasi 
PCV 0.054 ns -0.056 ns 0.104 ns -0.067 ns 0.050 ns 
RBCs -0.170** -0.021 ns 0.017 ns 0.010 ns -0.106 ns 
Haemoglobin -0.001 ns 0.089 ns 0.143* -0.098 ns 0.081 ns 
WBCs 0.061 ns -0.014 ns 0.082 ns -0.111 ns -0.027 ns 
Total protein -0.036 ns -0.085 ns -0.042 ns 0.097 ns -0.083 ns 
Albumen -0.151* 0.022 ns 0.097 ns -0.022 ns 0.016 ns 
Urea -0.082 ns -0.073 ns -0.108 ns 0.216*** -0.051 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 150 
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         Appendix 8: Correlation analysis between ticks collected from 
                              sheep of AlDamazin during winter in 2002-2003 with 
                              haematological and biochemical values  
Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.034 ns -0.442 ns 0.042 ns 0.067 ns -0.034 ns 
RBCs -0.089 ns -0.270 ns -0.070 ns 0.312 ns -0.289 ns 
Haemoglobin 0.009 ns -0.533 ns 0.072 ns 0.095 ns -0.150 ns 
WBCs -0.437 ns -0.084 ns 0.050 ns -0.387 ns 0.127 ns 
Total protein 0.590* -0.384 ns 0.112 ns 0.025 ns -0.419 ns 
Albumen -0.519 ns -0.223 ns 0.260 ns -0.372 ns 0.093 ns 
Urea 0.304 ns -0.043 ns -0.426 ns -0.488 ns 0.266 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 10 
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   Appendix 9:  Correlation analysis between ticks collected from sheep of 
                         Kosti during winter in 2002-2003 with haematological  
                         and biochemical parameters. 
Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.009 ns -0.260 ns 0.455** 0.043 ns 0.054 ns 
RBCs -0.294 ns -0.182 ns 0.174 ns 0.428** -0.112 ns 
Haemoglobin -0.014 ns -0.208 ns 0.490** 0.040 ns -0.011 ns 
WBCs 0.162 ns 0.265 ns -0.063 ns -0.157 ns -0.164 ns 
Total protein 0.039 0.031 ns 0.110 ns 0.554*** 0.316 ns 
Albumen -0.369* -0.071 ns 0.237 ns 0.015 ns -0.110 ns 
Urea -0.301 ns -0.034 ns 0.020 ns 0.076 ns 0.195 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 25 
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         Appendix 10:  Correlation analysis between ticks collected 
                               from sheep of ElObeid during winter in 2002- 
                               2003 with haematological and biochemical values. 
Parameters H. truncatum H. impeltatum R. guilhoni R. camicasi 
PCV -0.077 ns 0.062 ns 0.008 ns 0.185 ns 
RBCs -0.088 ns 0.020 ns -0.164 ns -0.046 ns 
Haemoglobin -0.291* -0.029 ns 0.265* -0.025 ns 
WBCs -0.063 ns -0.119 ns -0.159 ns -0.059 ns 
Total protein 0.101 ns 0.106 ns 0.030 ns -0.59 ns ns 
Albumen -0.019 ns -0.070 ns 0.125 ns -0.107 ns 
Urea 0.125 ns -0.001 ns -0.099 ns -0.028 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
number of samples = 45 
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        Appendix 11: Correlation analysis between ticks collected from 
                              sheep of AlDamazin during summer in 2002-2003 
                              with haematological and biochemical values. 
Parameters A.  lepidum H. truncatum R. guilhoni R. camicasi 
PCV -0.206 ns -0.241 ns -0.361 ns 0.276 ns 
RBCs -0.480 ns -0.486 ns -0.567* 0.579* 
Haemoglobin 0.623* 0.617* 0.024 ns -0.307 ns 
WBCs -0.229 ns -0.224 ns -0.126 ns -0.119 ns 
Total protein -0.139 ns -0.120 ns -0.331 ns 0.681** 
Albumen -0.138 ns -0.143 ns 0.069 ns 0.525 ns 
Urea -0.381 ns -0.382 ns -0.511 ns -0.190 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 10 
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       Appendix 12:  Correlation analysis between ticks collected from 
                               sheep of AlGadarif  during summer in 2002-2003 
                               with haematological and biochemical values. 
Parameters A.  lepidum H. truncatum R. guilhoni R. camicasi 
PCV -0.083 ns -0.131 ns 0.043 ns 0.504* 
RBCs 0.011 ns 0.103 ns 0.208 ns 0.101 ns 
Haemoglobin -0.573** -0.425 ns 0.186 ns 0.479* 
WBCs -0.095 ns 0.121 ns 0.296 ns -0.099 ns 
Total protein -0.134 ns -0.227 ns -0.083 ns 0.515** 
Albumen 0.255 ns 0.137 ns 0.064 ns -0.409 ns 
Urea -0.152 ns 0.042 ns -0.392 ns -0.009 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 15 
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  Appendix 13:  Correlation analysis between ticks collected from sheep  
                      of Kosti during summer in 2002-2003 with haematological  
                      and biochemical values. 
 Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi 
PCV -0.141 ns -0.246 ns -0.139 ns 0.097 ns 0.169 ns 
RBCs -0.118 ns -0.024 ns -0.071 ns -0.307 ns -0.214 ns  
Haemoglobin -0.136 ns -0.011 ns -0.021 ns 0.386* 00.246 ns 
WBCs 0.268 ns -0.126 ns 0.371* 0.046 ns -0.039 ns 
Total protein -0.295 ns -0.212 ns -0.137 ns -0.249 ns -0.198 ns 
Albumen 0.223 ns 0.060 ns 0.122 ns -0.047 ns 0.149 ns  
Urea -0.079 ns 0.422** -0.304 ns -0.251 ns -0.198 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 25 
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        Appendix 14:  Correlation analysis between ticks collected  
                        from sheep of ElObeid  during summer in 2002-2003 
                        with haematological and biochemical values. 
Parameters  H. 
truncatum 
H. 
impeltatum 
R.  
guilhoni 
R. 
camicasi 
PCV 0.509 ns -0.410 ns -0.218 ns 00 ns 
RBCs 0.801 *** 0.179 ns -0.169 ns 00 ns 
Haemoglobin 0.318 ns -0.397 ns  -0.133 ns 00 ns 
WBCs -0.220 ns -0.182 ns 0.183 ns 00 ns 
Total protein -0.224 ns -0.344 ns 0.869*** 00 ns 
Albumen -0.133 ns 0.391 ns 0.098 ns 00 ns 
Urea -0.016 ns 0.349 ns -0.496 ns 00 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 10 
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Appendix 15:  Correlation analysis between ticks collected 
                  from sheep of Singa during summer in 2002-2003 
                  with haematological and biochemical values. 
Parameters A.  lepidum R. guilhoni R. camicasi 
PCV 0.243 ns 0.165 ns 0.1.76 ns 
RBCs 0.169 ns 0.132 ns -0.400* 
Haemoglobin 0.206 ns -0.079 ns 0.230 ns 
WBCs -0.035 ns -0.092 ns -0.117 ns 
Total protein 0.147 ns -0.070 ns -0.673*** 
Albumen -0.017 ns 0.018 ns -0.480** 
Urea -0.371 ns -0.046 ns 0.023 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  
 ns  =  not significant 
Number of samples = 20 
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Appendix 16:  Correlation analysis between ticks collected from 
                        sheep of AlDamazin during autumn in 2002-2003 
                        with haematological and biochemical values. 
Parameters A.  lepidum R. guilhoni R. camicasi 
PCV 0.025 ns 0.123 ns 0.119 ns 
RBCs 0.064 ns -0.015 ns -0.050 ns 
Haemoglobin -0.174 ns 0.178 ns -0.091 ns 
WBCs 0.091 ns -0.015 ns -0.322 ns 
Total protein -0.281 ns  -0.621** -0.108 ns 
Albumen 0.106 ns -0.446* 0.181 ns 
Urea -0.272 ns -0.330 ns -0.251 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  
 ns  =  not significant 
Number of samples = 15 
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  Appendix 17:  Correlation analysis between ticks collected 
                from sheep of AlGadarif during autumn in 2002-2003 
                with haematological and biochemical values. 
Parameters R. guilhoni R. camicasi 
PCV -0.408 ns -0.389 ns 
RBCs -0.146 ns -0.244 ns 
Haemoglobin -0.875* -0.748 ns 
WBCs -0.324 ns -0.288 ns 
Total protein -0.245 ns -0.402 ns 
Albumen -0.703 ns -0.630 ns 
Urea 0.639 ns 0.431 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  
 ns  =  not significant 
Number of samples = 5 
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Appendix 18:  Correlation analysis between of ticks collected from  
                       sheep of Kosti during autumn in 2002-2003 with 
                        haematological and biochemical values. 
Parameters R. e. 
evertsi 
A.  
lepidum 
H. 
truncatum 
R. 
guilhoni 
R. 
camicasi 
PCV 0.262 ns 0.235 ns 0.041 ns 0.137 ns -0.158 ns 
RBCs -0.262 ns 0.271 ns 0.235 ns 0.129 ns -0.153 ns 
Haemoglobin 0.179 ns 0.226 ns 0.125 ns -0.038 ns -0.044 ns 
WBCs 0.081 ns -0.087 ns -0.017 ns -0.353* 0.075 ns 
Total protein 0.002 ns -0.128 ns -0.318* 0.331* -0.285 ns 
Albumen -0.095 ns 0.169 ns 0.075 ns 0.278 ns -0.273 ns 
Urea 0.619 ns 0.371 ns 0.693 ns 0.138** 0.145 ns 
*   = P <  0.05,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 30 
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          Appendix 19:  Correlation analysis between ticks collected  
                        from sheep of ElObeid during autumn in 2002- 
                        2003 with haematological and biochemical values. 
         Tick spp 
 
Parameters 
R. 
guilhoni 
R. camicasi 
PCV 0.230 ns -0.466* 
RBCs 0.077 ns -0.156 n0s 
Haemoglobin -0.314 ns ns -0.144 ns 
WBCs 0.606** 0.188 ns 
Total protein 0.294 ns -0.086 ns 
Albumen -0.004 ns 0.224 ns 
Urea 0.545** 0.296 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  
 ns  =  not significant 
Number of samples = 15 
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          Appendix 20:  Correlation analysis between ticks collected 
                             from sheep of Singa during autumn in 2002-2003 
                             with haematological and biochemical values.  
Parameters R. e. evertsi A.  lepidum R. guilhoni R. camicasi 
PCV 0.281 ns 0.015 ns -0.631** 0.122 ns 
RBCs 0.228 ns 0.411 ns 0.251 ns 0.293 ns 
Haemoglobin 0.131 ns 0.194 ns -0.460* 0.071 ns 
WBCs 0.041 ns 0.079 ns 0.314 ns 0.581** 
Total protein -0.113 ns -0.103 ns 0.190 ns -0.477* 
Albumen -0.279 ns -0.258 ns 0.108 ns 0.286 ns 
Urea 0.076 ns 0.119 ns 0.321 ns 0.301 ns 
*   = P <  0.05 ,  **   =  P < 0.01 , *** = P <  0.001,  ns  =  not significant 
Number of samples = 15 
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  ﻤﻠﺨـﺹ ﺍﻷﻁﺭﻭﺤــﺔ
  
   
ﺍﻟﺨـﺩﺭ، ﺍﻟﺜﺎﻴﻠﻴﺭﻴـﺎ ، ) ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻤﺴﺢ ﺍﻷﻤﺭﺍﺽ ﺍﻟﻤﻨﻘﻭﻟﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻟﻘﺭﺍﺩ 
ﺍﻟﺘﻰ ﺘﺼﻴﺏ ﺍﻟﻀﺄﻥ ﻤﻥ ﺴﻼﻟﺔ ﺍﻟﻀﺄﻥ ﺍﻟﺼﺤﺭﺍﻭﻱ ﻤﻥ ﻨـﻭﻋﻰ ﺍﻟﺤﻤـﺭﻯ ( ﺃﻨﺎﺒﻼﺯﻤﺎ ﻭﺍﻟﺒﺎﺒﻴﺯﻴﺎ 
ﻭﺍﻟﻭﺘﻴﺵ ﻭﺫﻟﻙ ﻀﻤﻥ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻭﺍﺭﺩﺓ ﺇﻟﻰ ﻤﺴﻠﺦ ﺍﻟﻜﺩﺭﻭ ﻟﻠﺘﺼﺩﻴﺭ ﻜﻤﺎ ﺸﻤل ﺍﻟﻤـﺴﺢ ﺃﻨـﻭﺍﻉ 
 ﻭﺤﺘـﻰ 2002ﺍﺩ ﺍﻟﺘﻲ ﺘﺘﻐﺫﻯ ﻋﻠﻲ ﻫﺫﻩ ﺍﻷﻨﻭﺍﻉ ﻤﻥ ﺍﻟﻀﺄﻥ ﻭﺫﻟﻙ ﻓﻲ ﺍﻟﻔﺘﺭﺓ ﻤـﻥ ﺴـﺒﺘﻤﺒﺭ ﺍﻟﻘﺭ
ﻭﻗﺩ ﺸﻤل ﺍﻟﻤﺴﺢ ﺤﻴﻭﺍﻨﺎﺕ ﺠﻠﺒﺕ ﻤﻥ ﻤﻨﺎﻁﻕ ﺒﻭﺴـﻁ ﺍﻟـﺴﻭﺩﺍﻥ ﻭﺒﺎﻟﺘﺤﺩﻴـﺩ .  ﻡ3002ﺃﻏﺴﻁﺱ 
  .  ﺍﻷﺒﻴﺽ ﻭﻜﻭﺴﺘﻰ ﻭﺍﻟﺩﻤﺎﺯﻴﻥ ﻭﺍﻟﻘﻀﺎﺭﻑ ﻭﺴﻨﺠﺔ
 ﻜﺎﻤل ﻟﺘﺼﺒﺢ ﻟﻤﺩﺓ ﻋﺎﻡ   ﻋﻴﻨѧﺔ ﺷѧﻬﺮﻳﺎ ً 02ﺘﻡ ﺠﻤﻊ ﺍﻟﻘﺭﺍﺩ ﺒﻭﺍﻗﻊ ﺨﻤﺴﺔ ﺤﻴﻭﺍﻨﺎﺕ ﺃﺴﺒﻭﻋﻴﺎ   
 ﻋﻴﻨﺔ ﻓﻴﻬﺎ ﺍﻷﻁﻭﺍﺭ ﺍﻟﺒﺎﻟﻐﺔ ﻭﻏﻴﺭ ﺍﻟﺒﺎﻟﻐﺔ ﻤﻥ ﺍﻟﻘﺭﺍﺩ ﺠﻤﻌﺕ  ﻤﻥ ﻜل ﺃﺠـﺯﺍﺀ 042ﺠﻤﻠﺔ ﺍﻟﻌﻴﻨﺎﺕ 
ﻭﺘﻡ ﺍﻟﺘﻌﺭﻑ ﻋﻠﻰ ﺃﺭﺒﻌﺔ ﺃﺠﻨﺎﺱ ﻭﺃﺤﺩ ﻋﺸﺭﺓ ﻨﻭﻉ ﻤﺨﺘﻠﻑ ﻤﻥ ﺍﻟﻘﺭﺍﺩ ﻭﺸـﻤﻠﺕ .  ﺠﺴﻡ ﺍﻟﺤﻴﻭﺍﻥ 
ﻡ ، ﻜﻤﺎ ﺸﻤﻠﺕ ﺍﻷﻨﻭﺍﻉ ﺃﻤﺒﻠﻴـﻭﻡ ﻟﻴﺒﻴـﺩ . ﺍﻷﺠﻨﺎﺱ ﺃﻤﺒﻠﻴﻭﻤﺎ ، ﻭﺒﻭﻓﻴﻠﺱ ، ﻭﻫﺎﻴﺎﻟﻭﻤﺎ  ﻭﺭﺍﻴﺒﺴﻴﻔﺎﻟﺱ 
ﺒﻭﻓﻴﻠﺱ ﺩﻴﻜﻭﻟﻭﺭﻴﺘﺱ ، ﻫﺎﻴﺎﻟﻭﻤﺎ ﺍﻨﺎﺘﻭﻟﻴﻜﻡ ﺍﻨﺎﺘﻭﻟﻴﻜﻡ ، ﻫﺎﻴﺎﻟﻭﻤﺎ ﺩﺭﻭﻤﻴﺩﺍﺭﻯ ، ﻫﺎﻴﺎﻟﻭﻤﺎ ﺍﻤﺒﻠﺘﻴﺘﻡ ، 
ﻫﺎﻴﺎﻟﻭﻤﺎ ﻤﺎﺭﺠﻴﻨﺎﺘﻡ ﺭﻭﻓﻴﺒﺱ ، ﻫﺎﻴﺎﻟﻭﻤﺎ ﺘﺭﺍﻨﻜﺎﺘﻡ ، ﺭﺍﻴﺒﺴﻴﻔﺎﻟﺱ ﺍﻓﺭﺘﺴﻰ ﺍﻓﺭﺘﺴﻰ ، ﺭﺍﻴﺒـﺴﻴﻔﺎﻟﺱ 
  . ﻤﻴﻭﺴﺎﻤﻰ ، ﺭﺍﻴﺒﺴﻴﻔﺎﻟﺱ ﻜﺎﻤﻴﻜﺎﺯﻯ ﻭ ﺭﺍﺒﻴﺴﻴﻔﺎﻟﺱ ﻗﻭﻴﻠﻬﻭﻨﻰ
 ﺸﺭﺍﺌﺢ ﺩﻤﻭﻴﺔ ﻭﻋﻴﻨﺎﺕ ﻤﺼل  ﻤﻥ ﻫﺫﻩ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻭﺫﻟـﻙ 042               ﺘﻡ ﺠﻤﻊ 
ﻭﺘﻡ ﻓﺤﺹ ﻋﻴﻨﺎﺕ ﺍﻟﻤﺼل ﺒﺎﺴﺘﺨﺩﺍﻡ . ﻟﻔﺤﺹ ﻁﻔﻴﻠﻴﺎﺕ ﺍﻟﺩﻡ ﻤﺜل ﺍﻟﺜﺎﻴﻠﻴﺭﻴﺎ ﻭﺍﻷﻨﺎﺒﻼﺯﻤﺎ ﻭﺍﻟﺒﺎﺒﻴﺯﻴﺎ 
ﺍﺨﺘﺒﺎﺭ ﺍﻻ ﻟﻴﺯﺍ ﻟﺘﺤﺩﻴﺩ ﻨﺴﺒﺔ ﺍﻨﺘﺸﺎﺭ ﺍﻷﺠﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﺒﻜﺘﺭﻴﺎ ﺍﻟﻜﺎﻭﺩﺭﻴـﺎ ﺭﻭﻤﻴﻨﺎﻨﺘﻴـﺎﻡ ﺍﻟﻤـﺴﺒﺏ 
 ﻋﻴﻨﺔ ﺘﺤﻤـل ﺍﻷﺠـﺴﺎﻡ ﺍﻟﻤـﻀﺎﺩﺓ ﻟﻬـﺫﻩ 071ﻨﺘﻴﺠﺔ ﺃﻥ ﻭﻗﺩ ﺩﻟﺕ ﺍﻟ . ﻟﻤﺭﺽ ﺍﻟﺨﺩﺭ ﻓﻲ ﺍﻟﻀﺄﻥ 
ﻭﺒﺎﻟﺭﺠﻭﻉ ﺇﻟﻰ ﺍﻟﻤﻨﺎﻁﻕ ﻭﺠﺩﺕ ﺃﻥ ﻨﺴﺒﺔ ﺍﻻﻨﺘـﺸﺎﺭ % .  8,07ﺍﻟﺒﻜﺘﺭﻴﺎ ﺒﻨﺴﺒﺔ ﺍﻨﺘﺸﺎﺭ ﻜﻠﻴﺔ ﺒﻠﻐﺕ 
ﻭﻨـﺴﺒﺔ ﺃﻋﻠـﻰ ﺍﻨﺘـﺸﺎﺭ % 08ﻭﺍﻟـﺩﻤﺎﺯﻴﻥ % 07ﻭﻓﻰ ﺍﻟﻘـﻀﺎﺭﻑ % 57ﺒﻠﻐﺕ ﻓﻲ ﻜﻭﺴﺘﻰ 
ﻥ ﺍﻷﺠـﺴﺎﻡ ﻭﻗـﺩ ﻟـﻭﺤﻅ ﺃ . ﺴﺠﻠﺕ ﻓﻲ ﺍﻷﺒﻴﺽ %( 7,55)ﻓﻲ ﺴﻨﺠﺔ  ﻭﺃﺩﻨﻰ ﻨﺴﺒﺔ %( 9,28)
ﻨﺘﻴﺠـﺔ . ﺍﻟﻤﻀﺎﺩﺓ ﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻜﺎﻭﺩﺭﻴﺎ ﺭﻭﻤﻴﻨﺎﻨﺸﻴﺎﻡ ﻤﺘﻭﺍﺠﺩﺓ ﻓﻲ ﻤﺼل ﺍﻟﻀﺄﻥ ﻋﻠﻰ ﻤـﺩﺍﺭ ﺍﻟـﺴﻨﺔ 
ﻤﻥ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﺘﻲ ﺘﻡ ﻤـﺴﺤﻬﺎ ﺘﺤﻤـل ﻁـﻭﺭ % 4,51ﻓﺤﺹ ﺍﻟﻤﺴﺤﺎﺕ ﺍﻟﺩﻤﻭﻴﺔ ﺃﻅﻬﺭﺕ ﺃﻥ 
ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺨﺘﺒﺭﻴﺔ ﻟﺘﺤﻠﻴل ﺍﻟﺩﻡ ﺃﻅﻬﺭﺕ ﻋﻥ ﻨﻘﺹ ﻨﺴﺒﻰ . ﺍﻟﺒﺎﻴﺭﻭﺒﻼﺯﻤﺎ ﻷﻨﻭﺍﻉ ﺍﻟﺜﺎﻴﻠﻴﺭﻴﺎ ﺍﻟﻤﺨﺘﻠﻔﺔ 
ﺴﺘﻭﻯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﻭﺘﻜﺩﺱ ﺍﻟﺩﻡ ﻭﻻ ﻴﻭﺠﺩ ﺘﻐﻴﺭ ﻓﻲ ﺃﻋﺩﺍﺩ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺤﻤـﺭﺍﺀ ﻭﻟﻜـﻥ ﻓﻲ ﻤ 
ﺃﻤﺎ ﺍﻻﺨﺘﺒـﺎﺭﺍﺕ ﺍﻟﻜﻴﻤﻭﺤﻴﻭﻴـﺔ  ﻟﻤﻜﻭﻨـﺎﺕ .  ﻫﻨﺎﻟﻙ ﺯﻴﺎﺩﺓ ﻨﺴﺒﻴﺔ ﻓﻲ ﻋﺩﺩ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ 
  . ﺍﻟﺴﻴﺭﻡ ﻟﻡ ﺘﻅﻬﺭ ﺘﻐﻴﺭﺍﺕ ﺘﺫﻜﺭ ﻤﺎ ﻋﺩﺍ ﺍﺭﺘﻔﺎﻉ ﻁﻔﻴﻑ ﻓﻲ ﺍﻟﻴﻭﺭﻴﺎ
 201 
ﻴﺎﺕ ﺍﻟﻤﻨﻘﻭﻟﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻟﻘـﺭﺍﺩ ﺃﺜﻨـﺎﺀ ﻓﺘـﺭﺓ ﺩﻟﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻋﻠﻰ ﺘﺩﻨﻰ ﻨﺴﺒﺔ ﺍﻨﺘﺸﺎﺭ ﺍﻟﻁﻔﻴﻠ 
ﺍﻟﺩﺭﺍﺴﺔ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﺜﺎﻴﻠﻴﺭﻴﺎ ﻭﺍﻷﻨﺎﺒﻼﺯﻤﺎ ﻭﺍﻟﺒﺎﺒﻴﺯﻴﺎ ﻭﻟﻜﻥ ﻫﻨﺎﻟﻙ ﺇﻨﺘﺸﺎﺭ ﻭﺍﺴﻊ ﻟﻤﺭﺽ ﺍﻟﺨﺩﺭ ﻜﺫﻟﻙ 
ﺨﻠﺼﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺃﻥ ﺍﺴﺘﻌﻤﺎل ﺍﺨﺘﺒﺎﺭ ﺍﻻﻟﻴﺯﺍ ﻤﻔﻴﺩ ﻟﺩﺭﺍﺴﺔ ﻤﺭﺽ ﺍﻟﺨﺩﺭ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﻭﺒﻘﻴـﺔ 
 ﺒﺸﺩﺓ ﺒﺎﺴﺘﻌﻤﺎل ﻤﺜـل ﻫـﺫﻩ ﺍﻟﺘﻘﻨﻴـﺎﺕ ﻭﻨﻭﺼﻰ. ﺍﻷﻤﺭﺍﺽ ﺍﻟﻤﻨﻘﻭﻟﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻟﻘﺭﺍﺩ ﻓﻲ ﺍﻟﻀﺄﻥ 
  .ﺍﻟﺤﺩﻴﺜﺔ ﺍﻟﻤﺘﻁﻭﺭﺓ
    
    
  
 
 
 
 
 
 
 
